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Human Herpesvirus 6 (HHV-6) Is a Helper Virus for Adeno-Associated Virus Type 2 (AAV-2) 
and the AAV-2 rep Gene Homologue in HHV-6 Can Mediate AAV-2 DNA Replication 

and Regulate Gene Expression 

BRIAN J. THOMSON.**' FRIEORICH W. WEINDLER,t DIANE GRAY/ VOLKER SCHWAAB.t 

and REGINE HEILBRONNH 

'Department of Medicine. University of Cambridge, Addenbrooke's Hospital Cambridge CB2 2QQ. UK; IDeutsches Krebsforschvngszentrvm, 
69120 Heidelberg. Germany: and * Max-Planck fnstitut fur Biochemie. 82152 Martinsried. Germany 

Received September /, 1 993; accepted June 22. 1 994 

We have previously described the apparent acquisition by human herpesvirus 6 (HHV-6) of the mutti functional rep gene 
of the helper-dependent human parvovirus a de no-associated virus type 2 {AAV-2). We report here that HHV-6 is a full helper 
virus for AAV-2 replication, suggesting a mechanism for transfer of the rep gene between the two viruses by recombination 
of replicative intermediates. The HHV-6 rep gene cloned under control of the human cytomegalovirus immediate early 
promoter complemented replication of a rep-deficient AAV-2 genome. In cotransfection experiments with heterologous 
promoters linked to the CAT reporter gene, HHV-6 rep activated the human Immunodeficiency virus (HIV) long terminal 
repeat (LTR) in fibroblast cell lines but not in T-cells. In contrast AAV-2. rep inhibited HIV LTR activity in both fibroblast and 
T-cell lines. The effect of HHV-6 and AAV-2 rep genes on the HIV LTR was independent of the NF-wB, Spl, and TATA box 
elements. These results suggest that HHV-6 Rep Es a multifunctional regulatory protein with properties related to, but distinct 

from, those Of AAV-2 Rep. O 1994 Academic Press. Inc. 



INTRODUCTION 

Human herpesvirus 6 (HHV-6) is a recently isolated 
member of the herpesvirus family (Salahuddin et aL, 
1986). Primary infection with HHV-6 usually occurs within 
the first year of life (Briggs etaf. 1988; Okuno etaL, 1989) 
and causes exanthem subitum (Yamanishi ef a/., 1988). 
HHV-6 establishes latent infection which can be reacti- 
vated following immunosuppression and the virus has ^ 
been recovered from immunodeficient individuals in 
many parts of the world (Carrigan et at., 1990; Downing 
etaL, 1987; Lopez ef aL, 1988; Okuno ef aL. 1990; Tedder 
et aL, 1987; Ward ef aL, 1989). HHV-6 has been associ- 
ated with fatal hepatitis (Asano efa/., 1990) and interstitial 
pneumonitis in bone marrow transplant patients (Carri- 
gan et aL, 1991; Cone et aL, 1993). 

HHV-6 isolates have recently been segregated into 
two groups on the basis of differences in molecular and 
biological properties (Ablashi et aL, 1993). Variant A vi- 
ruses are characterized by HHV-6 strain U1 102 (Downing 
etaL, 1987) and OS (Salahuddin et aL, 1986) and variant 
B viruses by strain Z29 (Lopez ef aL. 1988). A restriction 
endonuclease map of the 160-kb genome of HHV-6 strain 
U1 102 (Downing et aL, 1987) has been constructed (Mar- 
tin etaL, 1991b). Nucleotide sequencing studies (Chang 
and Baiachandran, 1991; Efstathiou etaL, 1992; Ellinger 
et aL. 1993; Gompels et aL, 1992; Josephs ef aL, 1991; 

1 To whom reprint requests should be addressed. 



Lawrence et aL. 1990; Martin et aL, 1991a; Neipel et aL, 
1991: Teo etaL, 1991; Thomson and Honess, 1992) have 
shown that HHV-6 is most closely related to human cyto- 
megalovirus (HCMV). The unique component of HHV- 
6 strain U1102 contains an open reading frame (ORF) 
encoding a 490-amino-acid protein which is homologous 
to the nonstructural protein Rep 78/68 of the human par- 
vovirus, adeno-associated virus lype 2 (AAV-2) (Thomson 
et aL, 1991). A similar ORF has been found in the 229 
strain of HHV-6 (T. R. Dambaugh, personal communica- 
tion). The AAV-2 rep gene is transcribed from two promot- 
ers and uses a single alternate splice site to encode 
overlapping polypeptides identified by their size on acryl- 
amide gels as Rep 78, Rep 68, Rep 52, and Rep 40 (Men- 
delson et aL, 1986; Trempe et aL, 1987). Translation of 
Rep 52 and Rep 40 is initiated at an in-frame methionine 
which is not present in the HHV-6 sequence. AAV-2 Rep 
proteins are essential for viral DNA replication (Hermonat 
ef aL. 1984; Tratschin ef aL, 1984) and are required for 
the regulation of AAV-2 gene expression (Labow et aL, 
1988; Tratschin ef aL, 1986; Trempe and Carter, 1988). 
In addition, AAV-2 Rep downregulates expression from 
a variety of heterologous promoters (Labow ef a/„ 1987), 
including the human immunodeficiency virus type 1 (HIV- 
1) long terminal repeat (LTR) (Antoni ef aL, 1991; Rittner 
ef aL, 1992). Since AAV-2 is a helper-dependent virus 
which requires either adenoviruses or herpesviruses to 
achieve productive infection (Buller et aL, 1981; Hoggan 
ef aL, 1966; McPherson et aL, 1985), we hypothesized 
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that HHV-6 was a helper virus for AAV-2 and might have 
acquired the rep gene from AAV-2 during co-infection in 
vivo (Thomson et al, 1991). In this paper we show that 
HHV-6 does indeed provide helper function for AAV-2 
DNA replication. We also demonstrate that the HHV-6 
rep gene homologue can complement replication of a 
rep-deficient AAV-2 genome and regulate gene expres- 
sion. 

MATERIALS AND METHODS 

Viruses and cell culture 

HeLa cells, Vero cells, and simian virus 40 (SV40) large 
T-antigen-transformed human skin fibroblast line 1BR 
were grown at 37° and 5% C0 2 in Dulbecco's modified 
Eagle's medium with antibiotics (penicillin 10 j*g/ml and 
streptomycin 20 //g/ml) and 10% newborn calf serum. 
Human CD4+ T-cell fines HSB-2, Molt-3, and J. Jahn were 
grown in RPM1 1640 medium supplemented with antibiot- 
ics and 10% fetal calf serum. AAV-2 was propagated in 
HeLa cells with adenovirus type 2 as the helper virus, as 
previously described (Heilbronn et al, 1990; Yalkinoglu er 
al, 1988). HHV-6 strain variants U1102 and Z29 (Lopez 
etal, 1988) were propagated on HSB-2 and Molt-3 cells, 
respectively. Cells were grown at 10 6 cells per milliliter 
and mixed at a ratio of 5=1 with HHV-6-infected cells from 
cultures showing a peak cytopathic effect (CPE), usually 
7 to 10 days following the previous infection. 

Coinfection with HHV-6 and AAV-2 

AAV-2 was treated at 56° for 30 min to inactivate helper 
virus and used to infect HSB-2 or Molt-3 cells at a multi- 
plicity of infection (m.o.i.) of 10 plaque-forming units 
(PFU). AAV-2-infected cells were then cocultivated with 
HSB-2 cells which had been previously infected with the 
U1 102 strain of HHV-6 or Molt-3 cells infected with HHV- 
6 Z29. After full CPE was observed celts were freeze- 
thawed three times. To demonstrate production of infec- 
tious AAV-2, cell-free supernatants were treated at 56° 
for 30 min to inactivate HHV-6 and then titrated in serial 
1:10 dilutions onto HeLa cells using HSV-1 as helper 
virus as described in Heilbronn et al (1990). Cultures 
were freeze-thawed and HeLa cell lysates were sucked 
onto nylon filters. AAV-2 DNA replication was visualized 
by hybridization with a 32 P-labeled AAV-2 probe. 

Recombinant plasmids 

AAV-2 and HHV-6 rep ORFs were both cloned into the 
pUCi9-based expression vector pLt5 tk, which carries 
the HCMV immediate early (IE) gene promoter (nucleo- 
tides -698 to +52) and a herpes simplex virus thymidine 
kinase polyadenylation signal (Heilbronn and zur Hau- 
sen, 1989). The HHV-6 rep gene homologue was cloned 
as a Kpn\IXba\ subfragment of Hin6\\\-C from HHV-6 
strain U1102 (Martin at al., 1991b) to yield pCM HHV-6 



rep. pCM HHV-6 rep was digested with A/col (which 
cleaves a sequence spanning the second in-frame methi- 
onine of the rep ORF) t end-repaired with T4 DNA poly- 
merase, and religated to yield pCM HHV-6 rep-. pCM rep 
78/68, which contains intact ORFs for all four AAV-2 Rep 
proteins within nucleotides 265 to 2260 and pCM 1906 
rep t which is C-terminally truncated at the Kpn\ site at 
position 1906, and does not encode the second exon of 
rep 68 or rep 40, are also based on pLl5 tk (J. A. 
Kleinschmidt, M. Mohler, F. W. Weindier, and R. Heil- 
bronn, manuscript in preparation). pR56 expresses the 
putative HHV-6 IE gene under the control of the HCMV 
IE gene promoter (Martin et at., 1991a) and was a gift of 
M. Martin. Cloned rep-defective AAV-2 genome pTAV2- 
3 has been described (Heilbronn et a/., 1990). Reporter 
gene constructs expressed the chloramphenicol acetyl 
transferase (CAT) gene from the wild type HIV-1 LTR 
(pLTR.CAT, Sodroski et al, 1985), SV40 early promoter 
(PSV2.CAT, Gorman et at., 1982), and the HCMV IE 
promoter (plE.CAT, a gift of G. Wilkinson described in 
Kothari et al, 1991). HIV-1 LTR.CAT plasmids contain- 
ing mutations in the TATA, Sp1 ( NF-kB, and TAR ele- 
ments (pDTATACAT, pDSpl.CAT, pDNF-KB.CAT and 
pDTAR.CAT) were gifts from G. Nabel (Nabel era/., 1988). 

Transient CAT expression assays 

Plasmid DNAs were purified on caesium chloride gra- 
dients (Birnboim and Doly, 1979). Monolayers of cefl lines 
HeLa, Vero, and 1BR were transfected essentially as de- 
scribed by Gorman et al (1982). A total of 20 /ig DNA 
was transfected in each experiment, the total being made 
up when necessary with pUC19. In brief, 2 X 10 6 cells 
were plated onto 10-cm-diameter dishes 12 hr prior to 
transfection, calcium phosphate precipitates applied for 
10 hr, and cells harvested 36-48 hours later. T-cell lines 
were transfected by electroporation as described by Pot- 
ter et al (1984); 4 X 10 7 cells in 0.8 ml o* RPMl 1640 
with no added fetal calf serum were incubated with DNA 
for 15 min. electroporated at a voltage of 400 mV and a 
capacitance of 960 ^F, and cultured in RPMl 1640 with 
10% fetal calf serum for 48 hr before harvest. Cell extracts 
were quantified for protein concentration (Bio-Rad Pro- 
tein Assay, Bio-Rad Laboratories) and equal amounts ol 
protein assayed for CAT activity, as described by Gorman 
et al (1982). Transfections were repeated at least three 
times and percent conversion of chloramphenicol to 
monoacetylated forms was quantrtated within the linear 
range of the assay by liquid scintillation counting. 

Complementation of AAV-2 replication 

Replication of a cloned rep-deficient AAV-2 genome 
(PTAV2-3) by complementation with constructs express- 
ing AAV-2 rep (pCM rep 78/68) or HHV-6 rep (pCM HHV-6 
rep) was assayed as described in Heilbronn er al (1990). 
HeLa ceils were cotransfected with 4 /*g of pTAV2-3 and 
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36 /*g of either pCM rep 78/68. pCM HHV-6 rep, or empty 
expression vector (pLT15 tk) as a control. Four hours 
after transfection cells were shocked with DMSO and 
infected with adenovirus type 2 as helper virus at an 
rn.o.i. of 2. Cells were harvested 72 hr postinfection. Ge- 
nomic DNA was extracted, digested with X£>al and Dpn\ % 
and transferred onto nylon filters. Filters were then hy- 
bridized with ^P-labeled AAV-2. 

RESULTS 

HHV-8 is a helper virus for AAV-2 DNA replication 

In order to investigate the possibility that HHV-6 is a 
helper virus for AAV-2 replication, the human T-cell line 
HSB-2 was co-infected with AAV-2 and HHV-6 strain vari- 
ant Ul 102. At the time of peak CPE, cells were freeze- 
thawed and then treated at 56° to inactivate HHV-6. In 
order to detect the presence of infectious AAV-2, cell- 
free supernatants were titrated onto indicator HeLa cells 
using HSV-1 as helper virus. Transfer of infectious AAV- 
2 was monitored by hybridization of indicator cell DNA 
with a 32 P-labeled AAV-2 probe. As illustrated in Fig. 1, 
co-infection of HSB-2 cells with HHV-6 strain U1102 
clearly led to productive infection with AAV-2, as as- 
sessed by the transfer of intectious AAV-2 to the indicator 
cell line, in contrast, infection of HSB-2 cells with AAV-2 
alone did not lead to the transfer of infectious virus. Simi- 
lar results were obtained using HHV-6 strain variant Z29 
to provide help for AAV-2 replication in the Mott-3 cell 
line {Fig. 1). 

The HHV-6 rep gene homologue can complement 
r plication of a rep-deficient AAV-2 genome 

In order to assess the potential function of the HHV-6 
rep gene homologue, the capacity of pCM HHV-6 rep to 
complement replication of a cloned rep-defective AAV-2 
genome (pTAV2-3) was studied. HeLa cells were cotrans- 
fected with pTAV2-3 and constructs expressing AAV-2 
rep (pCM rep 78/68), HHV-6 rep (pCM HHV-6 rep), or 
equimolar amounts of the empty expression vector (pLt 5 
tk). Cells were infected with adenovirus type 2 as helper 
virus; 72 hr post-transfection total genomic DNA was 
extracted and double digested with Xbai and Dpnl AAV-2 
DNA replication was monitored on Southern blots probed 
with ^P-labeled AAV-2 DNA (Fig. 2). pCM rep 78/68, 
which expressed full-length AAV-2 Rep proteins {data not 
shown), mediated accumulation of the typical replicative 
intermediates RF1 (4.7 kb. double-stranded monomer) 
and RF2 {9.4 kb, double-stranded dimer). Cotransfection 
of pTAV2-3 with pCM HHV-6 rep clearly resulted in the 
accumulation of RFi and RF2, although at a somewhat 
lower efficiency than the wild type AAV-2 Rep proteins. 
The levels of mRNA expressed by pCM-HHV-6 rep and 
pCM rep 78/68 following parallel transfections were com- 
parable (data not shown). Absolutely no AAV-specific sig- 




Fig. 1. HHV-8 is a full helper virus tor the production of infectious 
AAV-2. HSB-2 cells were infected with AAV-2, HHV-6 strain variant 
U II 02, Of both, as described untier Materials and Methods. The lower 
figure shows the results of experiments in which Molt-3 cells were 
infected in a similar manner using HHV-6 strain variant Z29. Ceil-free 
supernatants harvested from HSB-2 or Molt-3 cells were titrated in 
serial 1=10 dilutions onto Hela cells using HSV-t as helper virus. Trans- 
fer of infectious AAV-2 was visualized by hybridization of HeLa cell 
ON A with a "P-labeled AAV-2 probe (concentration to 10" fl indicated 
the dilution of infectious AAV-2 stock of known titer titrated in parallel 
as a positive control). 



nal is detected upon cotransfection of pTAV2-3 with the 
empty expression vector (pL15 tk). 

The HHV-6 rep gene homologue regulates the HIV-1 
LTR 

The AAV-2 rep gene has been shown to downregulate 
HIV LTR-driven gene expression (Antonf era/., 1991; Ritl- 
ner et al. t 1992). Since HHV-6 and HIV both infect CD4+ 
lymphocytes in vivo, we assessed whether the HHV-6 
rep gene was also capable of modulating HIV gene ex- 
pression. Vera cells were cotransfected with CAT re- 
porter constructs driven by selected heterologous pro- 
moters and a 5-fold molar excess of empty expression 
vector (pL15 tk) or expression vectors pCM HHV-6 rep, 
pCM HHV-6 rep-, pCM rep 78/68, or pCM rep 1906. pCM 
rep 1906 expresses a C-terminally truncated version of 
rep 78/68 corresponding closely to the region homolo- 
gous to HHV-6. The results of these experiments are 
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Pig. 2. The HHV-6 rep gene mediates replication of a rep-defective 
AAV-2 mutant (pTAV2-3). Hela cells were cotransfected with 4 
PTAV2-3 and 36 vq of empty expression vector pH5 tk or effector 
plasmids pCM rep 78/68 and pCM HHV-6 rep. Celts were superinfecteo* 
with adenovirus type 2 as helper virus. Genomic DNA was digested 
with Dpn\ and Xba I (which does not cut within the AAV-2 genome) and 
Southern blots were probed with n P- labeled AAV-2 DNA. Opn\ digests 
transfected DNA which has been methylated during prokaryottc replica- 
tion (visible as low-molecular-welght bands in the lower part of the 
blot). Following replication in eukaryotic cells transfected DNA is not 
methylated and becomes Dpn\ resistant The typical replica live inter- 
mediates of AAV-2 are indicated — RF1 represents monomeric double- 
stranded DNA of 4.7 kb in length and RF2 double-stranded dinners of 
9.4 kb in length. 

shown in Figs. 3a and 3b. The empty expression vector 
(pL15 tk) was used as a control in all experiments. In all 
experiments, pCM rep 78/68 and pCM rep 1906 com- 
pletely suppressed HIV-1 LTR-driven CAT expression in 
Vero cells. In contrast, transfection of pLTR.CAT with 
pCM HHV-6 rep increased CAT gene expression by a 
factor of between 5- and 10-fold compared to equimofar 
amounts of the empty expression vector (pL15 tk). Induc- 
tion of CAT expression by pCM HHV-6 rep-, containing 
a frame-shifting mutation in the rep ORF, did not differ 
significantly from controls (Figs. 3a and 3b). These exper- 
iments were repeated in 1BR cells with similar results 
(data not shown). Activation of the HIV LTR by pCM HHV- 
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6 rep in Vero and 1BR cells was similar to that induced 
by the putative HHV-6 IE gene expressing plasmid pR56 
(Fig. 3a). As controls, the effects of cotransfection of Rep- 
expressing plasmids on CAT gene expression from the 
SV40 early promoter (pSV2.CAT) and HCMV IE promoter 
(plE.CAT) in Vero cells are also shown in Fig. 3b. At 5- 
fold molar excess, both pCM 78/68 rep and pCM rep 
1906 downregulated expression from pSV2.CAT, but not 
from plE.CAT, as previously documented (Beaton et ai, 
1989; Heilbronn et ai, 1990). Transfection of pCM HHV- 
6 rep had no effect in either SV40- or HCMV-driven gene 
expression in these experiments. To test whether HHV- 
6 rep could enhance expression from the HIV-LTR in T- 
cells, pCM rep 78/68, pCM rep 1906, and pCM HHV-6 
rep were transfected together with p LTR. CAT into J. Jahn 
cells. A total of 20 j*g of pLTR.CAT was needed to provide 
measurable basal CAT activity in these cells, and as 
quantitative introduction of DNA into J. Jahn celts was 
limited to 40 /ig (data not shown), the ratio of effector to 
reporter plasmid DNA was limited to 1:1. Under these 
conditions, both MV-2 rep expression constructs down- 
regulated CAT expression from the HIV LTR, whereas 
pCM HHV-6 rep had no significant eflect on CAT activity 
(Fig. 3c). We assume that higher molar ratios are required 
for activation by HHV-6 rep. In control experiments in j. 
Jahn cells. pCM 78/68 rep and pCM 1906 rep did not 
inhibit CAT gene expression from the HCMV IE pro- 
moter (Fig, 3c). In order to identify cis elements re- 
quired to mediate these effects, HIV. LTR deletion mu- 
tants linked to CAT were transfected into Vero cells. Mu- 
tants with deletions in the TATA box (pDTATA.CAT), Sp1 
(pDSpl.CAT), NF-kB (pDNF-xB), and TAR (pDTAR.CAT) 
elements mediated downregulation by pCM 78/68 and 
pCM rep 1906 and induction by pCM HHV-6-rep with an 
efficiency which did not differ significantly from that of 
the wild type HIV LTR (Fig. 4). 

DISCUSSION 

We have shown that two isolates of HHV-6, strains 
U1102 and 229, provide full helper function for AAV-2 
replication. These isolates are representative of each of 
the groups of HHV-6 (strain U1102 is characteristic of 
variant A viruses and strain Z29 of variant B viruses) 
(Ablashi era/., 1993). HHV-6 is tropic for CD4+ T-lympho- 
cytes in vitro (Lusso era/., 1988} and in vivo (Takahashi 
et al, 1989). Although the cellular tropism of AAV-2 in 
vivo has not been established, the virus has been shown 
to replicate in both CD4+ T-cell lines (Mendelson etaL, 
1992) and peripheral blood lymphocytes (PBL) (Gross- 
man et ai, 1992) in vitro. DNA from HHV-6 (Gopal et ai, 
1990) and AAV-2 (Grossman et ai, 1992) has been found 
in PBL of healthy adults by the polymerase chain reac- 
tion. HHV-6 is therefore a good candidate for a helper 
virus active in vivo, providing a means by which HHV-6 
could have acquired the rep gene from AAV-2 by recom- 
bination between replicative intermediates. 
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x activation 1 2 >:7 >;? <0#5 <0;2S 




pLTRCAT pSV2.CAT plE.CAT pLTR.CAT pIE.CAT 



Fw. 3. {a) HHV-6 rep transactivates the HlV-1 LTR in Vera cells. Empty expression vector pH5 tk or expression plasmids pCM HHV-6 rep, pCM 
HHV-6 rep-. pR56. pCM rep 78/68, and pCM rep 1906 were transfected at fivefold molar excess with pLTR.CAT {1 fig) in Vero cells. Total DNA 
transfected was 20 pQ, made up with pUC19. CAT activity is calculated as the percent conversion of chloramphenicol to monoacetylated forms as 
assessed by liquid scintillation counting within the linear range of the assay; x activation is CAT activity in each track divided by CAT activity in 
the control track (transfection with empty expression vector pL15 /*). (b) Ttie mean of three experiments in which pCM HHV-6 rep. pCM HHV-6 
rep-, pCM rep 78/68. and pCM rep 1906 were cotransfected with selected reporter gene constructs. 1 ng of pLTR.CAT, 4 /xg of pSV2.CAT. and i 
tig of pIE.CAT were each transfected with a fivefold molar excess of effector plasmids. The empty expression vector (pLl5 f*) was used as a control 
in all experiments. CAT activity was calculated within the linear range of the assay and standard errors are shown, (c) The effect of HHV-6 and 
AAV-2 rep on expression of the CAT gene from heterologous promoters in T-ceU line ). Jaha 20 fig pLTRCAT and 10 fig pi E CAT were introduced 
by electroporation with equinnolar amounts of empty expression vector <pL15 tk) or effector plasmid. Each experiment was performed at least three 
times and the standard errors ere shown. 



The function of the rep gene homologue in the life 
cycle of HHV-6 is currently unknown. The HHV-6 rep 
gene is more closely related to the nonstructural AAV- 
2 Rep 78/68 protein than are the homologous proteins 
encoded by other members of the parvovirus family 
(Thomson et aL, 1991). Results presented in this paper 
show that the HHV-6 gene can mediate the accumulation 
of AAV-2 replicative forms and therefore possesses at 
least some of the properties of the AAV-2 Rep protein. 
The nonstructural protein of the autonomous parvovirus 
B19, which is less closely r lated to AAV-2 rep than is 
the HHV-6 gene, has also been shown to replicate a 



recombinant genome with AAV-2 termini (Srivastava et 
aL, 1989). The AAV-2 Rep 78 and Rep 68 proteins bind 
to AAV-2 terminal hairpin structures and have a site- 
specific, ATP-dependent endonuclease and helicase ac- 
tivity (Im and Muzyczka, 1990, 1992). Parvovirus Rep pro- 
teins each contain a domain homologous to a conserved 
region of large T-antigen of SV40 and polyomavirus and 
the E1 protein of papillomaviruses (Astell et a/., 1987). 
This domain, which is well conserved in the HHV-6 rep 
homologue (Thomson etaL, 1991 ), includes an NTP bind- 
ing site and is characteristic of DNA and RNA hellcases 
encoded by a number of unrelated viruses (Gorbalenya 
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pOTAR.CAT pOSpLCAT pDNF-*B.CAT pDTATACAT 



Fig. 4. The results of transection of a series of mutant HIV LTR.GAT 
constructs with control plasmld (pLTlB r*) end effector plasmids pCM 
HHV-6 rep end pCM rep 78/68 in Vero cells. 1 m9 pDTAR.CAT or 4 >ig 
pDSpl.CAT. pDNF-»cB.CAT ( and pDTATACAT (gifts of G. Nabel) were 
cotransfected whh a fivefold molar excess of empty expression vector 
pLl5 tk or expression plasmids. CAT activity is expressed as percent 
conversion of chloramphenicol to monoecetyiated forms as assessed 
by liquid scintillation counting within the linear range of the assay. 
Experiments were performed at least three times and the standard 
errors are illustrated. 



et ai, 1990). Our results, together with these structural 
features, suggest that the HHV-6 rep gene homologue 
can function as a helicase in vivo. 

The Rep 78/68 protein positively regulates the AAV-2 
p 40 promoter in the presence of helper virus (Tratschin 
et ai, 1986), but negatively autoregulates (8eaton et ai, 
1989) and suppresses expression from a number of het- 
erologous promoters {Antoni et ai, 1991; Labow er ai, 
1986; Rittner et ai, 1992; Tratschin et ai, 1986). These 
effects can be mediated at the level of both transcription 
and translation {Trernpe and Carter, 1988). We have 
shown that suppression of the HIV LTR by AAV-2 Rep 
proteins occurred in CD4+ T-cells in addition to the ad- 
herent cells lines previously reported (Antoni etaL 1991; 
Rittner et ai, 1992). Furthermore, the function of the C- 
terminally truncated protein expressed by pCM rep 1906 
could not be distinguished from wild type, indicating that 
C-terminal sequences which distinguish Rep 78 from Rep 
68 (J. A. Kleinschmidt, M. Mohler, F. W. Weindler, and R. 
Heilbronn, manuscript in preparation) are not required 
for downregulation of the heterologous promoters tested. 
In contrast, the HHV-6 gene positively regulated the HIV 
LTR with an efficiency comparable to that of the HHV-6 
major IE gene identified by Martin er ai. (1991a). These 
results do not distinguish transcriptional from transla- 
tional effects and the mechanisms of gene regulation by 
the Rep proteins remains to be determined. HHV-6 has 
been shown to upregulate expression from the HIV-1 LTR 
(Horvat et at., 1989; Ensoli et ai t 1989) and co-infection 
of CD4+ cells with HHV-6 been found to both enhance 
(Lusso era/., 1989) and suppress (Carrigan et ai, 1990) 
HIV replication. Activation by infectious HHV-6 and by 



some genomic fragments is NF-kB dependent (Ensoli er 
ai, 1989; Gengefa/., 1992; Horvai era/., 1991). Regulation 
of the HIV LTR by AAV-2 rep and the HHV-6 homologue. 
in common with the HHV-6 major IE gene (Martin et ai, 
1991a), appears to be independent of the Sp1, NF-kB, 
and TATA box elements. A recent study, published after 
this work was submitted, has confirmed our observation 
that downregulation of the HIV LTR by the AAV-2 rep 
gene does not require Spl or NF-kB elements (Oeize er 
ai, 1994). It will be interesting to see whether HHV-6 rep 
is a regulator of HHV-6 genes in vivo. 
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Introduction 

Recombinant adeno-associated virus type 2 vectors 
(r AAV) have been extremely successful vectors for in vivo 
gene transfer. These vectors have produced long-term, 
high-level gene expression of therapeutic proteins in 
immunocompetent animal models. For example, sus- 
tained production of erythropoietin from skeletal muscle 
after rAAV transduction has been achieved in mice. 1 
Therapeutic levels of factor IX have been produced after 
rAAV gene transfer to the liver and skeletal muscle. 2-5 
Levels of therapeutic protein production have reached up 
to 800 pig/ ml in mice treated intramuscularly with AAV 
vectors expressing alpha- 1 antitrypsin. 6 Recombinant 
AAV vectors have been used effectively in the central 
nervous system. 7-9 In addition, rAAV has been used in 
human clinical trials to transfer the CFTR gene. 10 

Production of sufficient quantities of high-titer rAAV 
needed for effectiveness in vivo has been difficult to achi- 
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eve, however. The process requires the efficient cellular 
delivery of the proviral construct to be packaged as 
rAAV, the AAV-2 rep and cap genes, as well as specific 
helper virus functions. 11 The proviral construct to be 
packaged contains the cDNA expression cassette flanked 
by AAV-2 inverted terminal repeats (ITRs). The ITRs are 
the cis acting viral DNA sequences required to direct rep- 
lication and packaging of the rAAV vector. 12 - 13 AAV-2 rep 
and cap genes encode the four Rep proteins (Rep 78, 68, 
52 and 40) involved in viral DNA replication, resolution 
of replicative intermediates and generation of single- 
strand genomes and the three structural genes (VP1, VP2 
and VP3) that make up the viral capsid. 14 " 16 Usually, the 
proviral rAAV and the rep and cap genes are introduced 
into cells by plasmid transfection. Replication and pack- 
aging of rAAV then occurs after expression of specific 
genes from a helper virus such as adenovirus (Ad). 14 * 17 ^ 20 
Traditionally, Ad infection is used to provide helper 
virus functions. 11 In the case of Ad, the specific helper 
functions have been identified as the Ela, Elb, E2a, 
E4orf6 and Va RNA genes. These Ad genes encode pro- 
teins or RNA transcripts which are transcriptional regu- 
lators and are involved in DNA replication or modify the 
cellular environment in order to permit efficient viral 
production. 14 * 17 " 20 
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Recent improvements in rAAV packaging technology 
have made production of high-titer rAAV more feasible. 
One significant advancement has been the development 
of an Ad-free method for rAAV production. 20 - 21 This 
method is based on transfection of a plasmid encoding 
the Ad helper functions required for the production of 
rAAV. Other improvements have included the gener- 
ation of rep inducible cell lines, translational control of 
Rep production and increasing Cap expression by 
driving cap transcription with a strong heterologous 
promoter. 22-24 These improved methods still possess 
limitations, however. The rep inducible cell lines do not 
produce rAAV more efficiently than traditional methods. 
Translational and transcriptional control of Rep and Cap 
production do not increase the efficiency of rAAV pro- 
duction more than 10-fold. 23 - 24 The Ad free method 
requires successful transfection on a large scale that is not 
easily achieved. 

While Ad is an efficient helper virus for rAAV pro- 
duction, little consideration has been given to other 
helper viruses for AAV-2 replication and packaging. Her- 
pes simplex virus type 1 (HSV-1) is also a fully competent 
helper virus of AAV-2. 25 - 28 The minimal set of HSV-1 
genes required for AAV-2 replication and packaging has 
been identified as the early genes UL5, UL8, UL52 and 
UL29. 28 These genes encode components of the HSV-1 
core replication machinery - the helicase, primase and 
primase accessory proteins and the single-stranded DNA 
binding protein (reviewed in Refs 29 and 30). 

We have investigated the use of a recombinant HSV-1 
(r HSV-1) vector to facilitate production of rAAV. A 
rHSV-1 has been engineered to express the AAV-2 rep 
and cap genes (d27A-rc). This rHSV-1 vector, d27A-rc, 
does not produce ICP27, a protein required for HSV-1 
replication. Although: dZTrl-rcis replication defective, At 
does express the HSV-1 early genes required for rAAV 
c replication and packaging. 2831 . - ^ 

The .vectpr d27. i : /r~has been found to be as efficient aO 
^producing rAAV as Ad-free methods and obviates the 
6ieed: for large-scale transfection protocols. In addition, - 
Cthe rHSV-1 vector, is 1 00 times more efficient at produc- 
ing rAAV than previously described amplicon system 
based on the HSV-1 helper functions 32 /The rHSV vector, 
d27A-rc, is a novel, flexible and simple way to introduce 
the AAV-2 rep and cap genes and helper virus functions 
required to produce high-titer rAAV preparations. The 
potential for scaleable rAAV growth using d27A-rc 
should facilitate production of sufficient quantities of 
rAAV vectors required for clinical applications. 

Results 

Construction and characterization of 627, 1-rc 
The rHSV-1, d27A~rc was constructed by homologous 
recombination of the AAV-2 rep and cap genes into the 
tk locus of the rHSV-1 virus d27A (Figure 1). In this 
recombinant virus, the AAV-2 rep and cap genes are 
under control of their native promoters - the p5 t pl9 and 
p40 promoters. The p5, pl9 and p40 promoters drive 
expression of the AAV-2 proteins Rep 78 and 68. Rep 52 
and 40 and the capsid structural proteins VP1, VP2 and 
VP3, respectively. 33-37 Homologous recombination into 
the tk gene was confirmed by Southern blot analysis of 
restriction digests of d27A-rc infected cell DNA (data not 
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Figure 1 Schematic of the integration vector pHSVA06-rc. The plasmid 
pHSV-106 contains the BamHI fragment encoding the tk gene ofHSV- 
1. The AAV-2 rep and cap genes, under control of their native promoters, 
were cloned into the Kpnl site of tk gene to generate pHSV-106-rc. 
Restriction digest of pHSVAQS-rc with SphI was used to generate the 
linear fragment. This fragment was cotransfected with d27A-lacZ infected 
cell DNA into V27 cells to generate d27.1rc by homologous recombi- 
nation. 



shown). In addition, d27A-rc plaque formation on V27 
cells, a complementing cell line, was not affected by 5- 
bromo-deoxycytidine. This indicates that the tk gene, 
appropriately, did not produce functional thymidine kin- 
ase (data not shown). 

Production of AAV-2 Rep by 627. 1-rc 
In order for d27A-rc to compliment rAAV replication, the 
AAV-2 Rep proteins must be efficiently expressed and 
localized to the nucleus of the cell after d27A-rc infection. 
To determine the level of expression of the AAV-2 Rep 
proteins from d27A-rc, Western analysis was utilized. The 
expression of the AAV-2 Rep proteins from d27A-rc after 
infection of three different cell lines (293, Vero and V27 
cells) at different multiplicities of infection (MOI) was 
analyzed (Figure 2). 

The vector d27.Urc expressed different levels of each 
of the AAV-2 Rep proteins in the different cell lines 
(Figure 2). In 293 cells, high level expression of all four 
Rep proteins occurred after infection with d27A-rc. 
Expression of the Rep proteins was also observed in Vero 
cells after d27A-rc infection. In contrast, only a small 
amount of Rep was produced in V27 cells after d27A~ 
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Figure 2 Western analysis was performed to determine the expression of 
the AA V-2 Rep proteins from dZ7. 1 -rc The expression of the AA V-2 Rep 
proteins from dZl.l-rc after infection of three different cell types (293, 
Vero and V27 cell lines) at different MOIs was determined. The highest 
level of Rep expression was observed in 293 cells. Rep expression was also 
detected in Vero cells. Minimal Rep expression was observed in V27 cells, 
especially at higher MOIs. 
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re infection, especially at higher MOIs. The level of Rep 
expression after d27.1-rc infection of 293 and Vero cells 
was observed to be dependent on the MOI. The higher 
level expression of Rep in 293 cells after d27A-rc infection 
may be due to up-regulation of the p5 promoter by Ad 
El a present in 293 cells. The low level of Rep expressed 
in V27 cells after d27A~rc infection in part results from 
lytic replication of d27A-rc after infection of this cell line. 

The Rep produced by d27. 1-rc localizes to the nucleus 
The cellular distribution of the AAV-2 Rep proteins was 
determined in an immunofluorescence assay (IFA) which 
utilized a monoclonal antibody that recognizes the four 
Rep proteins. The Rep proteins, expressed after infection 
of 293 cells by d27A-rc, localized to discrete nuclear punc- 
tate bodies (Figure 3a). The distribution of Rep proteins 
to the nucleus of 293 cells infected with d27A~rc is a pre- 
requisite for rAAV replication. 

Replication center formation by d27. 1-rc 
The observation has been made that the rep gene pro- 
ducts are capable of inhibiting viral and cellular DNA 
replication. 38-40 In particular, rep gene products have been 
shown to be potent inhibitors of Ad DNA replication and 
prevent the maturation of Ad DNA replication centers. 41 
This inhibitory effect of Rep proteins is presumably 
responsible for the inability to generate a recombinant Ad 
that expresses the AAV-2 rep gene. If rep gene products 
similarly inhibited HSV-1 viral DNA replication, the 
recombinant virus, d27A~rc, would not be able to 
propagate. Replication of d2 7. 1-rc was not affected by the 
presence of the rep gene, however. The kinetics of plaque 
formation on V27 cells, the complementing cell line, and 
the amount of virus produced per cell was identical to 
the parent virus. d27A (data not shown). 

In addition, the development of HSV-1 DNA repli- 
cation centers after d27A-rc infection of V27 cells was not 
affected by the presence of the rep gene. HSV-1 repli- 
cation centers develop in the nuclei of infected cells in 
a time-dependent manner. 42 Viral and cellular proteins 
required for viral DNA replication (such as the HSV-1 
core replication proteins which include ICP8, the single- 
stranded DNA binding protein) and replicating viral 
DNA localize to these centers 42 " 15 Mature HSV-1 repli- 
cation centers were observed in the nuclei of V27 cells 
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12 h after d27A-rc infection, as indicated by the distri- 
bution of ICP8 (Figure 4a). This distribution of ICP8 is 
characteristic of fully developed HSV-1 replication cen- 
ters 45 and did not differ from replication centers formed 
in V27 cells by the parent virus, d27A (data not shown). 
In addition, minimal AAV-2 Rep expression was 
observed in V27 cells after d27A-rc infection (Figure 4b). 

The vector d27. 1-rc is efficient at producing infectious 
rAAV from different rAAV proviral templates 
To determine the flexibility and efficiency of rAAV pro- 
duction using d27A-rc, we tested the production of rAAV 
from proviral plasmid transfected into cells, from a pro- 
viral cell line and by amplifying rAAV by coinfection. 
The vector d27A-rc was observed to effectively rescue 
rAAV from pTR-UF5-transfected 293 cells. The plasmid 
pTR-UF5 contains a proviral rAAV genome that encodes 
the green fluorescent protein (GFP) 46 Transfection of 293 
cells with pTR-UF5 followed by super-infection with 
d27A-rc resulted in rescue of infectious AAV-GFP 
(Figure 5a and b). The amount of AAV-GFP produced 
was a function of the MOI of d27A-rc. An increase in the 
yield of AAV-GFP was observed up to an MOI of 10. At 
this MOI, the yield of AAV-GFP was 381 expresion units 
(EU) per cell. This level of production compares favor- 
ably with recendy developed rAAV production protocols 
based upon Ad-free transfection procedures. 20 - 21 Infection 
of pTR-UF5 -transfected 293 cells with a control virus, 
d27A-lacz, at an MOI of 10 did not produce AAV-GFP 
(data not shown). 

The vector d27A-rc was also capable of efficient AAV- 
GFP production from the cell line GFP-92 (Figure 6). In 
the cell line GFP-92, a proviral rAAV genome that enco- 
des GFP is integrated into the chromosomal DNA. As in 
the transfection experiment, the amount of AAV-GFP 
produced was observed to be a function of the MOI of 
d27A-rc. At the most efficient MOI for AAV-GFP repli- 
cation and packaging, 480EU/cell could be produced 
using the vector d27A-rc. Infection of this cell line with 
the control virus d27A-lacz at an MOI of 10 did not pro- 
duce AAV-GFP (data not shown). 

Amplification of rAAV via co-infection with rfiSV 
Interestingly, d27A-rc can also be used to amplify rAAV 
genomes introduced into cells by infection of rAAV 




Figure 3 (a) Immunofluorescence assay detecting the distribution of the AAV-2 Rep proteins, 10 h after infection of 293 cells with d27.1~rc. The 293 
cells were processed for IFA and the cells were incubated with a monoclonal antibody that detects all four Rep proteins (78, 68, 52 and 40). The cells 
were then incubated with a FITC-conjugated, donkey anii -mouse secondary antibody. Magnification x630. (b) DAPI counterstain of the nucleus in (a). 
Magnification x630. 
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anti-SSB anti-Rep DAPI 

Figure 4 Immunofluorescence assay showing the development of mature HSV-1 viral DNA replication centers and minimal Rep expression in V27 
cells after infection with d27.1rc. Twelve hours after infection (MOI of 1), V27 cells were processed for IFA and incubated with a rabbit, anti-ICP8 
antibody and a monoclonal, anti-Rep antibody. The cells were then incubated with a rhodamine-conjugated, donkey anti-rabbit secondary antibody and 
a FlTC-conjugated t donkey anti-mouse secondary antibody, (a) Distribution of ICP8 in V27 cells infected with d27. 1 -re. The observed nuclear distribution 
ofICP8 is characteristic of mature HSV-1 replication centers. Magnification x630. (b) Rep expression is not detected in V27 cells infected with d27.1- 
rc. Magnification x630. (c) DAPI counterstain of the nuclei in (a) and (b). Magnification x630. 
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Figure 5 (a) Purified AA V-GFP produced by d27A-rc is infectious. C12 
cells were infected with the AA V-GFP (MOI 5 EU) produced by d27.1- 
rc. The cells were then coinfected with Ad (MOI 20). Fluorescent 
microscopy was used to detect GFP expression 24 h after infection. Magni- 
fication xlOO. (b) The vector d27.1-rc can efficiently produce r AAV from 
transfected 293 cells. 293 cells were transfected with AAV-GFP proviral 
piasmid. (Approximately 3xl0 7 cells were present in each experimental 
group.) Twenty- four hours after transfection, the cells were superinfected 
with different MOIs of d27.1-rc. Thirty-six hours after infection, a cell 
lysate was made from the infected cells by three rounds of freeze -thaw. 
The cell lysate was heat inactivated at 55°C for I h and then titered in 
duplicate on C12 cells that were co-infected with Ad (MOI 20). Forty- 
ei$\t hours after infection the C12 cells were analyzed for GFP expression 
using fluorescent microscopy and a titer was determined (in EU). The 
amount of AAV-GFP produced per transfected cell was then calculated. 
The data represent triplicate experiments. 



MOI of d27.1rc 

Figure 6 The vector d27. 1 -rc can produce rAA V from an AA V-GFP pro- 
viral ceil line. The cell line GFP-92 is a 293-derived cell line that has a 
single copy of AAV-GFP integrated into its genome. The vector d27.1-rc 
was used to produce AAV-GFP from this cell line. 1.5x 10 7 GFP-92 cells 
were infected with d27.i-rc at different MOIs. Forty-eight hours after 
infection a cell lysate was made from the infected cells by three rounds of 
freeze-thaw. The cell lysate was heat inactivated at 55°C for 1 h and then 
titered in duplicate on C12 cells that were co-infected with Ad (MOI 20). 
Forty-eight hours after infection the CI 2 cells were analyzed for GFP 
expression using fluorescent microscopy and a titer was determined (EU). 
The amount of AAV-GFP produced per transfected cell was then calcu- 
lated. The data represent triplicate experiments. 



(Table 1). When rAAV and rHSV are co-infected in 293 
cells, amplification of rAAV genomes is observed. Infec- 
tion with d27A-rc (MOI of 10) along with rAAV 
(MOI = 0.1) leads to a 200-fold amplification of input 
AAV-GFP. The total amplification of rAAV was greater 
than 10 6 -fold after three cycles of passage. While not as 
efficient as the production of AAV-GFP from transfected 
piasmid or a proviral cell line, co-infection of rAAV vec- 
tors with d27A-rc will permit serial amplification of rAAV 
via scaleable infection. 

The efficiency of rAAV production by 627. 1-rc is 
maintained when the scale of production is increased 
To determine if d27.1-rc can be utilized to produce rAAV 
on a larger scale, 10 9 GFP-92 cells were infected with 
d27.l-rc (Table 2). The yield of AAV-GFP, 380EU/ceU 
and 338 EU/ceil in duplicate experiments, indicates that 
d27A-rc is still able to efficiently produce rAAV after the 
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scale of infection is increased. Maintaining efficient rAAV 
production as the scale of d27A-rc infection is increased 
is required if d27A-rc is a viable helper for large-scale 
production of rAAV. 

Discussion 

Recombinant adeno-associated virus-mediated gene 
transfer has been uniquely successful in achieving long- 
term, high-level gene expression in vivo. Many potential 
applications for the use of rAAV in genetic disease will 
require a substantia^ vector dose to achieve a therapeutic 
effect. OheZsignificant^probiem. associated _with rAAV 

/vectore, has been the difficulty in generating sufficient 

^quantities of high-titerl vector required for in vivo appli- 
£cati6ns : ^This difficulty has led to improvements in 
numerous aspects of rAAV vector development in order 
to increase the efficiency of rAAV production. These stra- 
tegies have all involved the use of adenovirus to provide 
the helper functions for rAAV production, however. Few 
studies: have explored the possibility of using^other 

.helper viruses of AAV-2 replication and packaging for 
large-scale production. 

In this paper, we report the development of an alterna- 
tive system for production of >AAV. This system is based 

rupbn me HSV-1 helper functions of AAV-2 replication 
£uid pa(tagmg. By genera HSV-1 enco- 

c ding the AA V-2 rep and cap genes we have made a single 
helper^The expression of Rep from this vector 
appears to be regulated and is appropriately distributed 



to the nucleus. The rHSV-1, d27A-rc t propagates readily 
and its replication is not affected by the presence of rep. 

Kvdppmenrof mature HSV-1 replication centers in 
■l&ejpmen&'ofivp appears to be unique to this vector? 
One possible T explanation why the presence of the rep 
gene did not affect the kinetics of d27.1-rc replication or 
the formation of mature viral replication centers is that 
Rep proteins are not efficiently expressed in the V27 cells 
after d27A-rc infection. Both Western analysis and an IFA 
were used to analyze Repiexpression in 293. Vero and 
V27 cells after d27A-rc infection. By Western analysis, 
high level Rep expression was observed in 293 cells and 
Vero cells but not in V27 cells after infection with 627 A- 
rc (Figure 2). By IFA, Rep expression was observed in the 
nucleus of infected 293 cells (Figure 3a) and Vero cells 
(data not shown) after infection with d27A-rc, but not in 
V27 cells (Figure 4b). The minimal Rep expression after 
d27A-rc infection of V27 cells may explain how gener- 
ation of d27A-rc was feasible and why similar efforts to 
construct recombinant Ad vectors with the rep gene 
have failed. 

The dZ7A vector was chosen as the mutant background 
to provide the viral helper functions for several reasons. 
The vector d27A has a mutation in the immediate-early 
gene IE63 and does not produce ICP27. 31 The protein 
ICP27 has been implicated in the inhibition of host cell 
mRNA splicing. 47 - 48 The use of d27A should minimize 
inhibition of splicing of the rep and cap messages com- 
pared with a vector which produces ICP27. In addition, 
d27A overexpresses ICP8, 31 one of the HSV-1 genes essen- 
tial for AAV-2 replication. 28 High-level expression of 
ICP8, the single-stranded DNA binding protein, should 
be beneficial for rAAV production. 

The most efficient manner in which d27A-rc can be 
used for large-scale rAAV production involves infection 
of a proviral cell line that provides the rAAV template 
to be packaged. In this two-component system, the pro- 
viral cell line could be grown at high densities in large 
quantities in spinner cultures or cartridge systems. The 
AAV-2 rep and cap genes and the helper functions 
required for rAAV production are then provided by 
d27A-rc infection. Using d27A-rc to infect the proviral 
cells would eliminate the need for transfection at any step 
in the production process. The choice of cell line used for 
this system is important, however. The results of Western 
analysis (Figure 2) indicate that d27A-rc will efficiendy 
express the AAV-2 Rep proteins only in certain cell lines. 

The dose-response curve for the production of AAV- 
GFP by d27A-rc demonstrates that increasing the MOI of 
d27A-rc augments rAAV production to a point. The vec- 
tor 627 A -rc still expresses the immediate-early genes that 
encode the viral proteins ICPO and ICP4. 31 Expression of 
these immediate-early genes is detrimental to the cell 
and induces cell death. 49 - 50 At high MOIs, increased 
expression of these immediate-early genes probably 
leads to rapid cell death, limiting the production of 
rAAV. At a MOI of 25, while there is increased 
expression of the AAV-2 rep genes and the HSV-1 helper 
genes necessary for rAAV production, increased cytotox- 
icity due to additional gene expression from the vector 
also occurs. At a MOI of 10, the most effective balance 
exists between expression of the AAV-2 rep and cap genes 
and HSV-1 helper functions required for rAAV pro- 
duction and the cytotoxicity inherent to the vector. 
Replication of HSV-1 is not required for efficient repli- 



cation and packaging of AAV-2. 51 Cells lines such as 293 
cells, which do not complement 627. 1 -rc replication, can 
therefore be used to produce rAA V. Using a non-comp- 
lementing cell line to produce rAAV will permit the pro- 
duction of rAAV without generating additional d27.1-rc. 
The helper virus, d27A-rc, will therefore be effectively 
eliminated from the rAAV produced. 

The application of a recombinant virus to introduce the 
AAV-2 rep and cap and helper virus functions into cells 
to produce rAAV has many advantages over an amplicon 
system which we previously described. 32 Unlike a recom- 
binant HSV-1 vector, an amplicon system has a variable 
helper virus to amplicon virus ratio from passage to pass- 
age. This variability makes optimization of an amplicon 
system for rAAV production difficult since the ratio of 
helper virus to amplicon virus will affect the amount of 
rAAV produced. In addition, there is no selective press- 
ure to maintain the recombinant AAV-2 genome in the 
amplicon. With passage, deletion and recombination of 
the amplicon genome is likely to occur, resulting in 
decreased efficiency of rAAV production after serial pass- 
age of the amplicon. These problems are not encountered 
using the recombinant virus d27A-rc. 

Large-scale production of rAAV vectors will be 
required for in vivo preclinical and clinical trials of poten- 
tially therapeutic rAAV vectors. The vector d27A-rc 
should facilitate the production of rAAV. The vector 
d27A-rc is flexible and can be utilized to produce rAAV 
from transfected cells, cell lines or even infected rAAV. 
The rescue of rAAV from proviral cell lines at or above 
the efficiency of Ad-free methods will permit large-scale 
production of rAAV without requiring a transfection pro- 
cedure. Combined with recendy developed purification 
procedures (see accompanying article in this issue, pp 
973-985), d27.1-rc will be an attractive way to produce 
the large quantity of rAAV that will be needed for clinical 
success of rAAV-based gene therapy. 

Materials and methods 

Plasmids 

The plasmid pTR-UF5 is an AAV-GFP proviral construct 
with AAV-2 ITRs flanking both an eGFP and a neomycin 
resistance gene (neo) expression cassette. Expression of 
GFP is driven by the human CMV promoter. The neo 
gene is expressed from the HSV-1 tk promoter. The plas- 
mid pSub201 contains the AAV-2 rep and cap genes and 
has previously been described. 16 The plasmid pHSV-106 
is a pBR-derived plasmid into which the BanHl fragment 
of HSV-1 (17+ stain) containing the thymidine kinase (tA) 
gene was cloned. The plasmid pHSV-106-/acZ was con- 
structed by cloning a lacZ expression cassette into the 
Kpn\ restriction site of pHSV-106 interrupting the gene. 
The plasmid pHSV-106-rc has the AAV-2 rep and cap 
genes from pSub201 cloned into the Kpnl site of pHSV- 
106. 

Cell lines 

The 293 and Vero cell lines were obtained from American 
Type Culture Collection (Rockvilie. MD, USA). The V27 
cell line is a Vero-derived cell line that expresses the 
HSV-1 ICP27 protein and has previously been 
described. 31 The C12 cell line is a Hela-derived cell line 
with inducible AAV-2 rep gene expression and has been 
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previously described. 22 The GFP-92 cell line was created 
by infecting 293 cells with AAV-GFP and has been pre- 
viously described 32 In AAV-GFP. expression of GFP is 
driven by the human CMV promoter and the neo gene is 
expressed from the HSV-1 tk promoter. All cell lines were 
maintained in Dulbecco's modified Eagle's medium 
(DMEM) containing 10% fetal bovine serum (FBS). 

HSV-1 viruses 

The virus 627.1 is an ICP27 deletion mutant (Kos strain) 
which has been previously described and is propagated 
on the complementing cell line, V27. 31 The virus d27A-rc 
was constructed by first creating the lacZ expressing virus 
627. 1 -lacZ. The lacZ expressing vector was created by tra- 
ditional techniques involving cotransfection of d27A 
infected cell DNA and the integrating plasmid. pHSV- 
106-/acZ (linearized by Ba/nHI restriction digest) into V27 
cells. Recombinant viruses were isolated by screening for 
blue plaques after agar overlay containing 400 ^g/ ml 
halogenated indolyl-p-D-galactoside (Bluogal; Gibco- 
BRL, Bethesda, MD, USA). Recombinant viruses were 
purified by three rounds of limiting dilution. Integration 
was confirmed by Southern analysis of restriction 
enzyme digested d27.1-lacZ infected cell DNA (data not 
shown). The virus 627.1 -re was created by cotransfection 
of d27.1-lacZ infected ceil DNA and the SptH linearized 
integration plasmid pHSV-106-rc into V27 cells. Recombi- 
nant viruses were isolated by screening for white plaques 
after agar overlay containing 400 \Lg/ ml Bluo-gal. 
Recombinant viruses were purified by three rounds of 
limiting dilution. Integration was confirmed by Southern 
analysis of restriction enzyme digested d27A-rc infected 
cell DNA (data not shown). The stability of integration 
with passage was assessed by isolating 10 clones of 627 A- 
rc after 10 serial passages of 627A-rc at a MOI of 0.1. All 
clones were able to rescue rAAV (data not shown). Wild- 
type HSV-1 virus capable of replicating on Vero cells was 
not detected in any preparation (limit of detection is <20 
plaque forming units (p.f.u.)/ml). 

Recombinant AAV production methods 

Production of AAV-GFP from pTR-UF5 transfected 293 
cells: Tissue culture dishes (10 cm) plated with 2 x 10 6 293 
cells were transfected with 5 \xg pTR-UF5 and 25 pi Lipo- 
fectamine (Gibco-BRL) as per the manufacturer's instruc- 
tion. Four hours after transfection, the cells were washed 
and DMEM (10% FBS) was added. Twenty hours later, 
the cells were superinfected with d27A-rc at different 
MOIs or d27A-lacz at a MOI of 10. (The cells on an extra 
transfected dish were trypsinized, resuspended and 
counted using a hemocytometer.) Approximately 
3.5 x 10 7 cells were infected per MOI. Forty-eight hours 
later, the cells were harvested and pelleted by centrifug- 
ation (375 g 5 min). The cells were then resuspended in 
10 ml of DMEM and cell-associated rAAV was released 
by three rounds of freezing and thawing. Cell debris was 
pelleted by centrifugation (250 g, 5 min). The cell lysates 
were then titrated for EU of AAV-GFP as described 
below and purified by CsCl gradient as previously 
described. 1 This experiment was repeated in triplicate. 

Production of AAV-GFP from the cell line GFP-92: The 
GFP-92 cells were plated in 75 cm 2 tissue culture flasks. 
Twelve hours later, the cells were infected with d27A-rc 
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at different MOls or d27A-lacz at a MOI of 10. The num- 
ber of cells in one extra flask was determined as 
described above. Approximately 1.5 xlO 7 GFP-92 cells 
were infected per MOI. Cells were harvested 48 h after 
infection and cell-associated AAV-GFP was processed 
and titered as described above. This experiment was 
repeated in triplicate. 

Production of AAV-GFP by amplifying AAV-GFP via 
infection 

293 Cells (1.5 x 10 6 cells) were plated in six-well tissue 
culture dishes. Twelve hours later, the cells were infected 
with AAV-GFP at different MOIs. Twelve hours later, the 
cells were infected with d27A-rc at a MOI of 10. Cells 
were harvested 48 h after infection and cell-associated 
AAV-GFP was processed as described above. This experi- 
ment was repeated in triplicate. The amount of output 
rAAV was determined using the fluorescent cell assay 
described below. 

Large-scale AAV-GFP production 
GFP-92 cells were plated on 175 cm 2 tissue culture flasks 
12 h before infection. 1 x 10 9 GFP-92 cells were infected 
12 h later with d271-rc at a MOI of 10. Cells were har- 
vested 48 h after infection and cell-associated AAV-GFP 
was processed as described above. This experiment was 
repeated in duplicate. Stocks were analyzed for 
replication-competent AAV (rcAAV) as previously 
described. 3 Replication-competent AAV was not detected 
(limit of detection was one replication unit per 10 7 GFP 
EU). 

Titering of AAV-GFP in the cell lysates by the 
fluorescent cell assay 

Cell lysates were heat inactivated (55°C, 1 h). Serial 
dilutions of AAV-GFP were then titered on C12 cells with 
Ad co-infection (MOI 20) as previously described. 52 The 
cells were then analyzed for GFP expression using fluor- 
escence microscopy at 48 h after infection. 

Western analysis ofAAV-2 Rep proteins 
The indicated cells (approximately 4xl0 6 cells) were 
plated on to 6 cm tissue culture plates 12 h before infec- 
tion with d271-rc (MOI as indicated). Control samples 
were not infected. Cells were harvested 48 h after infec- 
tion and cell lysates were made and loaded on to a 10% 
sodium dodecyl sulfate (SDS)-polyacrylamide gel fol- 
lowed by immunoblotting using a monoclonal antibody 
(clone 1F11.8, 1:5000 dilution) that recognizes all four 
AAV-2 Rep proteins. The antibody was detected by 
chemiluminescence (Amersham, Arlington Heiehts IL 
USA). 

Immunofluorescence assay 

Cells (293, Vero or V27 cells) were plated on to two-well 
tissue culture slides at a density of 1.5 x 10 s cells per well. 
For the anti-AAV Rep immunofluorescence assay. 293 
cells were infected 12 h later with d27A-rc at a MOI of 10. 
Cells were washed with DMEM after a 45 min adsorption 
period and DMEM with 10% FBS was then added. After 
10 h, cells were washed twice with PBS and fixed for 10 
min in 4% paraformaldehyde in PBS. Cells were washed 
twice with PBS and permeabilized with 0.2% Triton X- 
100 in PBS for 2 min. Cells were then washed twice with 
PBS and incubated for 1 h at 37°C in a humidified 



chamber with monoclonal anti-Rep antibody (American 
Research Products. Belmont. MA. USA, clone 226.7, 1:1 
dilution). This antibody recognizes all four Rep proteins. 
The cells were then washed three times with PBS and 
incubated for 30 min at 37°C with FITC-conjugated, don- 
key anti-mouse secondary antibody (diluted 1:100 in 2% 
goat serum, 2% donkey serum in PBS). The slides were 
then washed three times, covered with a 4', 6-diamidino- 
2- phenylindole (DAPI) containing mounting solution 
(Vector Laboratories, Burlingame, CA, USA), sealed and 
analyzed for immunofluorescence. Microscopy was per- 
formed on a Leitz microscope with Image Pro acquisition 
equipment and image analysis software. 

To analyze the maturation of HSV-1 viral replication 
centers and Rep expression in V27 cells after d27A-rc 
infection, a rabbit polyclonal anti-ICP8 (the HSV-1 single- 
standed DNA binding protein) antibody (PAb 3^83) and 
the monoclonal anti-Rep antibody (American Research 
Products, clone 226.7, 1:1 dilution) were utilized in a dou- 
ble label experiment. All procedures were as previously 
described except that V27 cells were infected at a MOI of 
1. After fixing and permeablization, V27 cells were incu- 
bated as above with the anti-Rep monoclonal antibody. 
The cells were then washed twice with PBS and incu- 
bated with the anti-ICP8 antibody (diluted 1:50 in 2% 
goat serum, 2% donkey serum in PBS) for 1 h in a 
humidified chamber at 37°C. The cells were then washed 
three times with PBS and incubated with a rhodamine- 
conjugated, donkey anti-rabbit secondary antibody and 
FITC-conjugated, donkey anti-mouse secondary antibody 
(both diluted 1:100 in 2% goat serum, 2% donkey serum 
in PBS) for 30 min at 37°C. The slides were then washed 
three times, covered with DAPI containing mounting sol- 
ution, sealed and analyzed for immunofluorescence. 
(Vero cells were infected and processed alongside V27 
cells to serve as positive controls for Rep staining.) 
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DESCRIPTION 

METHODS FOR LARGE-SCALE PRODUCTION OF RECOMBINANT 

AAV VECTORS 

1.0 Background of the Invention 

5 The present application claims the priority date of co-pending provisional 

application Serial No. 60/101,507, filed September 22, 1998, the entire disclosure of 
which is incorporated herein by reference without disclaimer. The United States 
government has rights in the present invention pursuant to grant numbers CA28473 
and CA09243 from the National Institutes of Health. 

10 

1.1 Field of the Invention 

The present invention relates generally to the field of molecular biology. 
More particularly, it concerns the replication and packaging of recombinant 
adeno-associated viral-based vectors, and a scaleable process for their large-scale 
15 production. 

13. Description of Related Art 
1.2.1 Adeno-Associated Virus 

Adeno-associated virus-2 (AAV)-2 is a human parvovirus that can be 

20 propagated both as a lytic virus and as a pro virus (Cukor et al. y 1984; Hoggan et aL 9 
1972). The viral genome consists of linear single-stranded DNA (Rose etal, 1969), 
4679 bases long (Srivastava etal 9 1983), flanked by inverted terminal repeats of 145 
bases (Lusby and Berns, 1982). For lytic growth AAV requires co-infection with a 
helper virus. Either adenovirus (Ad; Atchinson etaL, 1965; Hoggan, 1965; Parks 

25 etal. 9 1967) or herpes simplex virus (HSV; Buller etal y 1981) can supply the 
requisite helper functions. Without helper, there is no evidence of AAV-specific 
replication or gene expression (Rose and Koczot, 1972; Carter et al y 1983). When no 
helper is available, AAV persists as an integrated pro virus (Hoggan, 1965; Berns 
etal., 1975; Handae/a/., 1977; Cheung etaL, 1980; Berns etal, 1982). 
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Integration apparently involves recombination between AAV termini and host 
sequences and most of the AAV sequences remain intact in the provirus. The ability 
of AAV to integrate into host DNA is apparently an inherent strategy for insuring the 
survival of AAV sequences in the absence of the helper virus. When cells carrying an 
AAV provirus are subsequently superinfected with a helper, the integrated AAV 
genome is rescued and a productive lytic cycle occurs (Hoggan, 1965). 

AAV sequences cloned into prokaryotic plasmids are infectious (Samulski 
etal, 1982). For example, when the wild type AAV/pBR322 plasmid, pSM620, is 
transfected into human cells in the presence of adenovirus, the AAV sequences are 
rescued from the plasmid and a normal AAV lytic cycle ensues (Samulski etal, 
1982). This renders it possible to modify the AAV sequences in the recombinant 
plasmid and, then, to grow a viral stock of the mutant by transfecting the plasmid into 
human cells (Samulski et a/., 1983; Hermonat and Muzyczka, 1984). 

AAV contains at least three phenotypically distinct regions (Hermonat and 
Muzyczka, 1984). The rep region codes for one or more proteins that are required for 
DNA replication and for rescue from the recombinant plasmid, while the cap and lip 
regions appear to code for AAV capsid proteins and mutants within these regions arc 
capable of DNA replication (Hermonat and Muzyczka, 1984). It has been shown that 
the AAV termini are required for DNA replication (Samulski et al. 9 1983). 

The construction of two R coli hybrid plasmids, each of which contains the 
entire DNA genome of AAV, and the transfection of the recombinant DNAs into 
human cell lines in the presence of helper adenovirus to successfully rescue and 
replicate the AAV genome has been described (Laughlin etal, 1983; Tratschin etal, 
1984a; 1984b). 

1.2.2 RAAV Vectors as Vehicles for Gene Therapy 

Recombinant adeno-associated virus (rAAV) vectors have important utility as 
vehicles for the in vivo delivery of polynucleotides to target host cells (Kessler etal, 
1996; Koeberl etal., 1997; Kotin, 1994; Xiao etal, 1996). rAAV vectors are useful 
vector for efficient and long-term gene transfer in a variety of mammalian tissues, 
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e.g., lung (Flotte, 1993), muscle (Kessler, 1996; Xiao etal 9 1996; Clark et a/., 1997; 
Fisher etal., 1997), brain (Kaplitt, 1994; Klein, 1998) retina (Flannery, 1997; Lewin 
ef al 9 1998), and liver (Snyder, 1997). 

It has also been shown that rAAV can evade the immune response of the host 
5 by foiling to transduce dendritic cells (Jooss et al 9 1998). Clinical trials have been 
initiated for several important mammalian diseases including hemophilia B, muscular 
dystrophy and cystic fibrosis (Flotte et al 9 1996; Wagner et al 9 1998). 

U3 Contemporary Methods for Preparing rAAV Vectors 
10 Currently, rAAV is most often produced by co-transfection of rAAV vector 

plasmid and wt AAV helper plasmid into Ad-infected 293 cells (Hermonat and 
Muzyczka, 1984). Recent improvements in AAV helper design (Li et al 9 1997) as 
well as construction of non-infectious mini-Ad plasmid helper (Grimm et al 9 1998; 
Xiao et al 9 1998; Salvetti, 1998) have eliminated the need for Ad infection, and made 
15 it possible to increase the yield of rAAV up to 10 5 particles per transfected cell in a 
crude lysate. Scalable methods of rAAV production that do not rely on DNA 
transfection have also been developed (Chiorini et al. 9 1995; Inoue and Russell, 1998; 
Clark etal 9 1995). These methods, which generally involve the construction of 
producer cell lines and helper virus infection, are suitable for high-volume production. 
20 The conventional protocol for downstream purification of rAAV involves the 

stepwise precipitation of rAAV using ammonium sulfate, followed by two or 
preferably, three rounds of CsCl density gradient centrifugation. Each round of CsCl 
centrifugation involves fractionation of the gradient and probing fractions for rAAV 
by dot-blot hybridization or by PCR™ analysis. 

25 

13 Deficiencies in the Prior Art 

A major problem associated with the use of rAAV vectors has been the 
difficulty in producing large quantities of high-titer vector stocks (Clark etcd. 9 1995, 
Clark etal 9 1996). The standard production protocol involves low-efficiency 
30 transfection of plasmid DNA containing the rep and cap genes and a plasmid 
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containing the rAAV pro vims with inverted terminal repeats. Cells are thai 
superinfected with adenovirus to provide essential helper functions required for rAAV 
production. 

Alternative procedures have been developed to improve the efficiency of 
5 rAAV production by delivering rep, cap and the adenovirus helper genes. These 
technologies have included the generation of rep and cap inducible cell lines and 
plasmids expressing the essential adenovirus helper genes (Clark etal^ 1995; Clark 
etaU 1996; Vincent etal, 1990; Xiao etal, 1998; Grimm etal y 1998). Although 
these techniques have improved the yield of rAAV production, they have not been 

10 entirely satisfactory. Procedures employing transfection methods are not efficient, 
and tend to be extremely variable in yield from preparation to preparation. Moreover, 
such procedures are difficult to scale up to produce the large quantity of rAAV vector 
needed for clinical trials. 

The production of rep and cap inducible cell lines is a particular challenge 

15 because the yield of rAAV produced from different clones is variable and does not 
exceed the efficiency of transfection methods (Clark etaL, 1995; Clark etal 9 1996, 
Vincent etal, 1990). Production procedures for rAAV that utilize adenovirus and 
transfection of rep and cap containing plasmids have the potential to generate wild 
type AAV (wt AAV) through illegitimate recombination of the ITRs with rep and cap 

20 sequences. This leads to preferential amplification of the wt AAV genome over the 
rAAV genome. 

A major drawback in the use of rAAV vectors for gene transfer studies in vivo 
and their application to clinical procedures, such as that of gene therapy, has been the 
difficulty in producing large quantities of rAAV vector. For the therapeutic correction 
25 of some diseases, it is estimated that 1 x 10 14 rAAV particles must be administered per 
patient This will require the culture of greater than 1 x 10 12 cells to produce the 
quantity of rAAV vector that will be needed to therapeutically treat each patient The 
use of contemporary transfection methods on this scale of rAAV production is 
extremely problematic, costly and time consuming. 
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The development of a packaging system that provides all the helper functions 
needed for rAAV production from a rAAV producer cell line would greatly facilitate 
the large-scale production of rAAV. Transfection procedures would not be required 
and the producer cell line could be grown in large quantities at high densities in 
S commercially available laboratory equipment. 

2.0 Summary of the Invention 

The present invention overcomes these and other inherent limitations in the 
prior art by providing packaging systems that provide all of the required helper 

1 0 functions, and methods for the large-scale production of rAAV. The present invention 
demonstrates the ability of a recombinant herpes simplex virus (rHSV) or a rHSV 
amplicon expressing AAV Rep and Cap to support replication and packaging of 
rAAV. The present methods overcome the need for transfection procedures, and 
provide reliable, cost-effective means for generating large quantities of rAAV. 

15 Superinfection of appropriate host cell cultures with the vectors described herein 
produces quantities of rAAV not attainable by any other means. By providing a 
second virus or cell line that contains the rAAV provirus, the present methods 
overcome the significant problem of spontaneous deletions in the AAV ITR when 
growing rAAV-based plasmids in bacterial cell cultures. 

20 The present invention provides the first system that supplies AAV genes rep 

and cap and the HSV-1 helper functions needed for rAAV production in one delivery 
vehicle. The rHSV-1 and rHSV-1 amplicon-based vector systems supply Rep, Cap 
and the HSV-1 helper functions required for rAAV production. Amplicon and virus 
stocks have been produced that express Rep and Cap from their native promoters (p5, 

25 pi 9 and p40). To increase the yield of rAAV production and make the rHSV-1 and 
rHSV-1 amplicon systems practical alternatives to adenoviral systems for rAAV 
production, HSV-1 amplicon and vector systems that expresses Rep and Cap from 
their native promoters and uses an ICP27 mutated HSV-1 virus, d27-l, as the genetic 
background of the amplicon or vector has been developed. Use of the defective 

30 HSV-1 amplicon or vector results in rAAV production with an efficiency that exceeds 
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previously described methods (Flotte et a/., 1995). Southern blot and PCR™ analyses 
have shown that no wt AAV were produced using these modified amplicons or helper 
viruses. The present system provides means for increasing the scale of rAAV 
production to a level such that sufficient rAAV can now be produced for preclinical 
5 and clinical trials utilizing rAAV-based vectors for gene delivery. 

The present invention provides DNA segments comprising an AAV rep 
coding sequence operably linked to a promoter, an AAV cap coding sequence 
operably linked to a promoter, an HSV-1 origin of replication and an HSV-1 
packaging sequence. In preferred embodiments, the AAV rep coding sequence and/or 

10 the AAV cap coding sequence is operably linked to a p5, pi 9 or p40 promoter. In 
certain embodiments, the DNA segment is comprised within a recombinant herpes 
simplex virus vector, or within a recombinant herpes simplex virus capsid 

As used herein in this context, the term "recombinant herpes simplex vims 
vector" will be understood to mean genomic DNA of the herpes simplex virus with 

15 non-hopes simplex virus DNA added by the hand of man. The term "recombinant 
herpes simplex virus capsid", as used herein in this context will be understood to 
mean the herpes simplex virus head, comprised of herpes simplex virus capsid 
proteins, comprising a recombinant DNA segment, such as a plasmid, cosmid or the 
like, that comprises at least an HSV-1 origin of replication and an HSV-1 packaging 

20 sequence. 

Thus, the present invention also provides recombinant herpes simplex virus 
vectors comprising an AAV rep coding sequence operably linked to a promoter and 
an AAV cap coding sequence operably linked to a promoter. In preferred aspects of 
the invention, the AAV rep coding sequence and/or the AAV cap coding sequence is 

25 operably linked to a p5, pi 9 or p40 promoter. 

In certain recombinant herpes simplex virus vectors of the present invention, a 
non-essential HSV gene is altered. In particular embodiments, the non-essential HSV 
gene is altered to increase expression. In a general sense, genes that encode proteins 
that are beneficial to the host cell, or that increase the production of rAAV particles 

30 are contemplated for such alteration. Examples of non-essential HSV genes that are 
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altered to increase expression includes, but is not limited to, the HSV gene encoding 
ICP8. 

In other embodiments, the non-essential HSV gene is mutated, such as by one 
or more point mutants or insertions, or substantially or completely deleted, such that 
5 the gene product of the non-essential HSV gene is either non-functional or absent In 
a general sense, genes that encode proteins that are deleterious to the host cell, or that 
decrease the production of rAAV particles are contemplated for such alteration. 
Examples of non-essential HSV genes that are contemplated for mutation or deletion 
include, but are not limited to, the HSV genes encodes ICP27, an HSV late gene 

1 0 and/or glycoprotein H. 

In preferred embodiments of the invention, the recombinant vector is 
comprised within a recombinant herpes simplex virus. As used herein in his context, 
the term " recombinant herpes simplex virus" will be understood to mean a complete 
herpes simplex virus that comprises a "recombinant herpes simplex virus vector", as 

15 defined above. 

Therefore, the present invention further provides recombinant herpes simplex 
viruses comprising an AAV rep coding sequence operably linked to a promoter and 
an AAV cap coding sequence operably linked to a promoter. In preferred aspects of 
the invention, the AAV rep coding sequence and/or the AAV cap coding sequence is 

20 operably linked to a p5, pi 9 or p40 promoter. 

In certain recombinant viruses of the present invention, a non-essential HSV 
gene is altered. In particular embodiments, the non-essential HSV gene is altered to 
increase expression. Examples of non-essential HSV genes that are altered to increase 
expression includes, but is not limited to, the HSV gene encoding ICP8. In other 

25 embodiments, the non-essential HSV gene is mutated, such as by one or more point 
mutants or insertions, or substantially or completely deleted, such that the gene 
product of the non-essential HSV gene is either non-functional or absent Examples 
of non-essential HSV genes that are contemplated for mutation or deletion include, 
but are not limited to, the HSV genes encodes ICP27, an HSV late gene and/or 

30 glycoprotein H. In preferred embodiments, the recombinant virus is the d27. Ire virus. 
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Hie present invention also provides kits comprising, in a suitable container, a 
DNA segment comprising an AAV rep coding sequence operably linked to a 
promoter, an AAV cap coding sequence operably linked to a promoter, an HSV-1 
origin of replication and an HSV-1 packaging sequence. In further aspects of the 
5 invention, the kit comprises an HSV-1 helper virus. In preferred aspects, a 
non-essential gene of the HSV-1 helper virus is altered. As detailed above, in certain 
aspects of the invention, a non-essential gene of the HSV-1 helper virus, exemplified 
by, but not limited to the gene encoding ICP8, is altered to increase expression. In 
other aspects, a non-essential gene of the HSV-1 helper virus, including, but not 
10 limited to the genes encoding ICP27 and/or glycoprotein H, is mutated or 
substantially deleted. In certain preferred embodiments, the HSV-1 helper virus is the 
d27.1 HSV-1 virus. 

Additionally, the present invention provides kits comprising, in a suitable 
container, a recombinant herpes simplex virus vector comprising an AAV rep coding 

15 sequence operably linked to a promoter and an AAV cap coding sequence operably 
linked to a promoter. In preferred kits of the invention, the recombinant herpes 
simplex virus vector is comprised in a recombinant herpes simplex virus. 

The present invention also provides methods for preparing a rAAV comprising 
providing an HSV-1 helper virus and a DNA segment comprising an AAV rep coding 

20 sequence operably linked to a promoter, an AAV cap coding sequence operably 
linked to a promoter, an HSV-1 origin of replication and an HSV-1 packaging 
sequence to a host cell that comprises a rAAV, culturing the cell under conditions 
effective to produce rAAV in the cell, and obtaining the rAAV from the cell. As used 
herein in this context, the term "host cell that comprises a rAAV" will be understood 

25 to include a host cell that comprises a rAAV provirus integrated into the genome of 
the host cell, as well as a host cell that is infected with a rAAV. Thus, in certain 
aspects, the host cell comprises the rAAV integrated into the genome of the cell, while 
in other aspects the host cell is provided with the rAAV, the HSV-1 helper virus and 
the DNA segment simultaneously. 
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Preferred host cells include, but are not limited to, HeLa, 293 or Vero cells. In 
certain preferred methods of the invention, the rAAV comprises an AAV-2 genome. 
However, while the preferred rAAV genome is generally the AAV-2 genome, the 
capsid can be from any serotype of AAV. Therefore, in particular methods, the rAAV 
5 comprises an AAV-1, AAV-2, AAV-3, AAV-4, AAV-5 or AAV-6 capsid. As the 
present compositions and methods are designed for large-scale production of rAAV 
vectors, in preferred embodiments, the rAAV comprises a therapeutic gene. In certain 
methods, the AAV rep coding sequence and/or the AAV cap coding sequence is 
operably linked to a p5, pi 9 or p40 promoter. In other methods, at least a first AAV 
10 capsid protein is operably linked to an HSV late promoter, such as the HSV 110 
promoter. 

As detailed above, in certain methods of the present invention a non-essential 
gene of the HSV-1 helper virus is altered. In certain methods, a non-essential gene of 
the HSV-1 helper virus, exemplified by, but not limited to the gene encoding ICP8, is 

15 altered to increase expression. In other methods, a non-essential gene of the HSV-1 
helper virus, including, but not limited to the genes encoding ICP27 and/or 
glycoprotein H, is mutated or substantially deleted. In certain preferred methods, the 
HSV-1 helper virus is the d27.1 HSV-1 virus. Thus, the present invention further 
provides a recombinant AAV virus produced by any of the methods of the present 

20 invention, as well as kits comprising, in a suitable container, a recombinant AAV 
virus produced by any of the methods of the present invention. 

The present invention additionally provides methods for preparing a rAAV 
comprising providing a recombinant herpes simplex virus that comprises an AAV rep 
coding sequence operably linked to a promoter and an AAV cap coding sequence 

25 operably linked to a promoter to a host cell that comprises a rAAV, culturing the cell 
under conditions effective to produce rAAV in the cell, and obtaining the rAAV from 
the cell. 

As detailed above, in certain methods a non-essential gene of the recombinant 
herpes simplex virus, such as the gene encoding ICP8, is altered to increase 
30 expression, while in other methods, a non-essential gene of the recombinant herpes 
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simplex vims, such as the gene encoding ICP27 or glycoprotein H, is mutated or 
substantially or completely deleted 

3.0 Brief Description of the Drawings 
5 The following drawings form part of the present specification and are included 

to further demonstrate certain aspects of the present invention. The invention may be 
better understood by reference to one or more of these drawings in combination with 
the detailed description of specific embodiments presented herein. 

FIG. 1 shows a map of pHSV-RC, which was used to generate amplicons that 

10 replicate and package rAAV virions. The plasmid is a pUC-based vector. The 
a-sequence contains the HSV-1 packaging signals and is cloned into the EcoRl site. 
The 110- sequence contains an HSV-1 origin of replication and is the internal Smal 
fragment from the HSV-1 ori S. The 770-sequence is inserted in the Smal site. (The 
110 and a-sequence containing plasmid is pi 10a.) Rep and cap are the AAV-2 rep 

15 and cap genes isolated from psub201 by an Xbal digest and cloned into the Xbal site 
of pi 10a to create pHSV-RC. 

JIG. 2 shows the integration vector used to produce d27A-rc. The plasmid 
pHSV-1 06 contains the BamHl fragment encoding the tk gene of HSV-1 . The AAV-2 
rep and cap genes, under control of their native promoters, were cloned into the Kpril 

20 site of rifcgene to generate pHSV-I06-rc. Restriction digest of pHSV-106-rc vntiiSphl 
was used to generate the linear fragment This fragment was cotransfected with 
d27A4acZ infected cell DNA into V27 cells to generate d27A-rc by homologous 
recombination. 

FIG. 3 demonstrates that recombinant adeno-associated virus can be amplified 
25 after coinfection with d27A-rc. 293 cells were transfected with AAV-GFP proviral 
plasmid. Approximately 3x1 0 7 cells were present in each group. 24 h after 
transfection, the cells were superinfected with different MOIs of d27A-rc. 36 h post 
infection, a cell lysate was made from the infected cells by three rounds of freeze- 
thaw. The viral lysate was heat inactivated at 55°C for one hour and then titered in 
30 duplicate on C12 cells that were coinfected with Ad (MOI of 20). 48 h post infection 

10 
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the C12 cells were analyzed for GFP expression using fluorescent microscopy and a 
titer was determined (in expression units). The amount of AAV-GFP produced per 
transfected cell was then calculated. This study was repeated three times. 

FIG. 4 illustrates that the vector d27.1-rc can produce rAAV from a proviral 
5 cell line. The cell line GFP-92 is a 293 derived cell line that has a single copy of 
AAV-GFP integrated into its genome. Hie vector d27J~rc was used to produce 
AAV-GFP from this cell line. 1.5x1 0 7 GFP-92 cells were infected with d27J-rc at 
different MOIs. 48h post-infection a cell lysate was made from the infected cells by 
three rounds of freeze-thaw. The viral lysate was heat inactivated at 55°C for one hour 
10 and then titered in duplicate on C12 cells that were coinfected with Ad (MOI of 20). 
48h post-infection the C12 cells were analyzed for GFP expression using fluorescent 
microscopy and a titer was determined (expression units). The amount of AAV-GFP 
produced per transfected cell was then calculated. This study was repeated three 
times. 

15 

4.0 Description of Illustrative Embodiments 

4*1 Construction of Modified Gene Therapy Vectors 

Amplicons and viral vectors have been constructed that contain the AAV rep 
and cap genes under control of their native promoters (p5, pi 9 and p40). HSV-1 

20 amplicons and viral vectors (HSV-RC/KOS, HSV-RC/d27 and HSV-AAV-GFP) were 
generated by supplying helper functions with either wild type HSV-1 (KOS strain) or 
the ICP27 immediate early mutant of HSV-1, d27-l, respectively, by homologous 
recombination using the targeting vector shown in FIG. 2. Growth of the amplicon or 
recombinant virus stock is not inhibited in the presence of Rep protein, which 

25 highlights important differences between HSV-1 and adenovirus (Ad) replication and 
the mechanism of providing helper function for productive AAV infection. 
Co-infection of rAAV and HSV-RC/d27 (also termed d27.1rc) results in the 
replication and amplification of rAAV genomes. 

Similarly, rescue and replication of rAAV genomes are possible when 

30 recombinant vector plasmids were transfected into cells followed by d27.1rc 
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infection. Production of infectious rAAV by rescue from two rAAV producer cell 
lines has also been achieved using both HSV-RC/KOS and HSV-RC/d27. The titer of 
rAAV produced using HSV-RC/d27 is similar to that achieved by supplying rep and 
cap by the most efficient transfection method developed utilizing adenovirus. 
5 Importantly, no detectable wild type AAV is generated using this approach. These 
results demonstrate that rHSV amplicons and vectors expressing the AAV rep and cap 
genes support the replication and packaging of rAAV vectors in a scaleable process, 
allowing for large-scale production of vector. 

The HSV-RC/KOS and HSV-RC/d27 amplicons were able to replicate and 

10 amplify all forms of pro viral rAAV. These amplicons are useful in replication center 
assays and also for the detection of episomal or integrated proviral rAAV in cells 
previously infected with rAAV. While the amplicon demonstrates the ability of rHSV 
to replicate in the presence of rAAV, there is an advantage to having a single 
recombinant molecule that expresses rep and cap. Therefore, the rHSV, dlTA-rc was 

1 5 generated as described below. 

The use of HSV-RC/KOS or HSV-RC/d27 eliminates the need for coinfection 
of cells with wild-type (wt) AAV and adenovirus, and helps sta n da rdiz e problematic 
assays, which are difficult to reproduce. Eliminating the use of wt AAV is also 
desirable since it reduces the likelihood of wt AAV contamination of viral 

20 preparations and cells. 

A producer cell line was able to produce rAAV vector when infected with 
HSV-RC/KOS. However, although HSV-RC/KOS could express all of the helper 
functions needed for rAAV production, this system was extremely inefficient A 
defective HSV-1 vector, d27-l, which overexpresses the HSV-1 helper genes required 

25 for AAV replication, was then used to make the second Rep and Cap expressing 
amplicon, HSV-RC/d27. The HSV-RC/d27 alone was shown to be capable of 
providing all of the helper functions required for rAAV replication and packaging. 
Infection with HSV-RC/d27 was capable of producing rAAV particles as efficiently 
as transfection methods. Infection with HSV-RC/d27 Mowed by HSV-1 

30 superinfection was able to produce rAAV particles more efficiently than transfection 
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methods. The rAAV virus produced by the HSV-1 amplicons was infectious after 
heat inactivation and CsCl gradient purification. Finally, wt AAV was not detected in 
any of the HSV-1 amplicon produced rAAV preparations. 

5 42 Large-Scale Production of Modified Gene Therapy Vectors 

Purification of rAAV intended for clinical trials will be facilitated by the 
disclosed amplicons and viral vectors. HSV-1 is a large enveloped virus greater than 
200 nm in diameter (Roizman and Sears, 1996). The HSV-1 virion is extremely 
sensitive to heat and chemical inactivation. Additionally, size exclusion 

10 chromatography is extremely effective at eliminating HSV-1 virions from the rAAV 
preparations. This is likely due to the large size difference between the AAV capsid 
(20 nm diameter) and HSV-1 virion. Chromatographic methods have been developed 
to increase the efficiency of rAAV production by eliminating the need for CsCl 
gradients (Tamayose et al, 1997). Size exclusion chromatography may be easily be 

1 5 added to these production processes. 

The present invention allows for the large-scale growth of host cells that 
contain infectious rAAV particles. In general, approximately 10 11 to 10 12 cells, each 
containing approximately 500 infectious particles per cell, are needed for the 
production of sufficient rAAV particles for use in gene therapy of patients. 

20 Previously, the growth of this number of cells would have taken approximately one 
year. Using the methods disclosed herein, the time need to grow this number of host 
cells can be reduced to as little as two weeks or so. Large scale growth of host cells 
for rAAV production can be facilitated using the methods disclosed herein, and 
modern apparatus for cell growth, such as that disclosed in U.S. Patent 5,501,971, 

25 incorporated herein by reference in its entirety. 

Substitution of heterologous promoters such as the HTV LTR or the HCMV IE 
promoter to drive Rep or Cap expression has been shown to increase the production of 
rAAV in transfection systems (Flotte etal, 1995; Vincent c/a/., 1997a). Constructs 
where Rep and Cap are expressed from these promoters are easily incorporated into 

30 the amplicon plasmid Alternatively, one may use HSV-1 viral promoters 
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incorporating VP16 responsive elements such as the HSV-1 IE-1 10 promoter to drive 
cap expression. The transactivating properties of the HSV-1 virion factor VP- 16 
would increase Cap expression, and increase rAAV production. Amplification of 
rAAV virions from a cell lysate using an HSV-1 amplicon system is also 
5 contemplated, eliminating the need for proviral cell lines and large-scale transfections. 
Stepwise coinfections may then be utilized to amplify the quantity of rAAV vector as 
is commonly done for other recombinant viruses that replicate in complementing cell 
lines. 

Clearly, Rep does not disrupt HSV-1 replication as completely as it does 

10 adenovirus replication. One member of the herpes virus family, HHV-6, actually 
encodes and expresses a functional Rep homologue (Thomson and Efctathiou, 1991; 
Thomson et al, 1994). In contrast, Rep potently disrupts the replication of adenovirus 
and has made the production of p5 driven rep recombinant Ad unsuccessful to date. 
The creation of inducible promoter driven rep recombinant adenoviruses has also been 

15 problematic. While Rep has been shown to decrease HSV-1 viral DNA replication, it 
clearly does not preclude construction of amplicons, which express a functional Rep. 

AAV-2 infection results in the AAV-2 genome entering a non-productive, 
non-progeny producing latent state where the viral genome exists as a provirus 
integrated into the host cell's chromosomal DNA (Cheung etal., 1980). Preferential 

20 integration of the wt AAV genome seems to occur via site specific, nonhomologous 
recombination in human cells at chromosome 19ql3.3 (Kotin and Bems, 1989; Kotin 
etal, 1992; Kotin etal., 1990; Samulski etal, 1991). A productive lytic cycle 
ensues in which AAV DNA is replicated, amplified and packaged into progeny 
virions only during coinfection of AAV with the appropriate helper virus (adenovirus 

25 or herpes viruses) or infection of a latently infected cell with helper virus (Berns et ah , 
1988; Russell etal., 1995). Infection of wt AAV in the presence of DNA damaging 
agents also promotes viral replication through the induction of cellular DNA repair 
pathways. 

The AAV DNA sequences, AAV viral proteins and helper virus genes that are 
30 required for productive wt AAV infection have been identified and have been utilized 
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to produce rAAV vectors (Beras, 1984; Carter, 1990; Huang and Hearing, 1989; 
Mishra and Rose, 1990; Samulski and Shenk, 1988; Weindler and Heilbronn, 1991). 
The DNA sequences required for AAV replication that serve as origins of replication 
of the AAV genome and primers of second strand synthesis arc located in the inverted 
5 terminal repeats (ITRs) of the AAV genome (Samulski et al. 9 1983). These sequences 
must be located cis to the recombinant genome that is to be replicated and packaged, 
and this rAAV genome is usually introduced into cells by transfection. The AAV Rep 
78 or Rep 68 proteins, which direct replication of the genome from the ITRs, the viral 
Rep 52 and 40, which are necessary for efficient packaging, and the structural capsid 

10 proteins VP1, VP2 and VP3, are supplied in trans in the traditional packaging scheme, 
usually by transfection of Rep and Cap expressing plasmids (Samulski etaL, 1987). 
Viral helper functions for AAV replication are usually supplied by adenoviral early 
gene expression of Ela, Elb, E2a, E4 and by VA RNA after adenovirus infection 
(Berns, 1984; Carter, 1990; Huang and Hearing, 1989; Samulski and Shenk, 1988). 

15 Adenovirus has been the most thoroughly studied AAV helper virus, and the 

virus generally utilized to produce rAAV. The adenovirus helper functions required 
for AAV-2 or rAAV replication are probably not involved in AAV DNA synthesis 
directly. Instead, the adenoviral helper genes make AAV replication possible through 
regulation of cellular gene expression and regulation of rep expression (Im and 

20 Muzyczka, 1990). Attempts to use Ad vectors to carry AAV genes have met with 
failure, presumably because the AAV rep gene is not tolerated by Ad. 

Like adenovirus, HSV-1 is a fully competent helper virus for wt AAV 
replication and packaging (Johnston etal, 1997; Mishra and Rose, 1990; Weindler 
and Heilbronn, 1991). In contrast to adenovirus, however, the helper functions 

25 provided by HSV-1 are due to the activities of replication proteins and not 
transcriptional regulators (Weindler and Heilbronn, 1991). The min i m al set of HSV-1 
genes required for efficient AAV replication and encapsidation include UL5, UL8, 
UL52 and UL29 (Weindler and Heilbronn, 1991). The genes UL5, UL8, and UL52 
encode components of the HSV-1 helicase-primase complex (Crute etaL, 1989). 

30 UL29 encodes a single-stranded DNA binding protein (Knipe et al y 1982). These 
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four proteins essential for AAV DNA replication are components of the HSV-1 core 
replication machinery along with the HSV-1 DNA polymerase (UL30), the 
polymerase-accessoiy factor (UL42) and the origin binding protein (UL9) (Challberg, 
1986; Wu et al., 1988). The genes UL5, UL8, UL52, and UL29 are transcribed early 
5 in infection preceding HSV-1 DNA replication and are absolutely required for HSV-1 
DNA replication (Roizman and Sears, 1996). AAV replication and packaging can 
occur in the absence of HSV-1 DNA replication as long as HSV-1 early gene 
expression occurs (Weindler and Heilbronn, 1991). 

10 43 Incorporation of rAAV Vectors Into Cells 

In various embodiments of the invention, DNA is delivered to a cell as an 
expression construct Preferred gene therapy vectors of the present invention are 
generally viral vectors. 

Adeno-associated virus (AAV) is particularly attractive for gene transfer 

15 because it does not induce any pathogenic response and can integrate into the host 
cellular chromosome (Kotin et al, 1990). The AAV terminal repeats (TRs) are the 
only essential cis-components for the chromosomal integration (Muzyczka and 
McLaughin, 1988). These TRs are reported to have promoter activity (Flotte et al y 
1 993). They may promote efficient gene transfer fiom the cytoplasm to the nucleus or 

20 increase the stability of plasmid DNA and enable longer-lasting gene expression. 
Studies using recombinant plasmid DNAs containing AAV TRs have attracted 
considerable interest AAV-based plasmids have been shown to drive higher and 
longer transgene expression than the identical plasmids lacking the TRs of AAV in 
most cell types (Shafion et al., 1998). 

25 AAV (Ridgeway, 1988; Hermonat and Muzyczka, 1984) is a paro virus, 

discovered as a contamination of adenoviral stocks. It is a ubiquitous virus 
(antibodies are present in 85% of the US human population) that has not been linked 
to any disease. It is also classified as a dependovirus, because its replication is 
dependent on the presence of a helper virus, such as adenovirus. Five serotypes have 

30 been isolated, of which AAV-2 is the best characterized. AAV has a single-stranded 
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linear DNA that is encapsidated into capsid proteins VP1, VP2 and VP3 to form an 
icosahedral virion of 20 to 24 nm in diameter (Muzyczka and McLaughlin, 1988). 

The AAV DNA is approximately 4.7 kilobases long. It contains two open 
reading frames and is flanked by two ITRs. There are two major genes in the AAV 
5 genome: rep and cap. The rep gene encodes a protein responsible for viral 
replication, whereas cap encodes the capsid protein, VP1-3. Each ITR forms a T- 
shaped hairpin structure. These terminal repeats are the only essential cis components 
of the AAV for chromosomal integration. Therefore, the AAV can be used as a vector 
with all viral coding sequences removed and replaced by the cassette of genes for 
10 delivery. Three viral promoters have been identified and named p5, pi 9, and p40, 
according to their map position. Transcription from p5 and pi 9 results in production 
of Rep proteins, and transcription from p40 produces the Cap proteins (Hermonat and 
Muzyczka, 1984). 

There are several factors that prompted researchers to study the possibility of 
15 using rAAV as an expression vector. One is that the requirements for delivering a 
gene to integrate into the host chromosome are surprisingly few. It is necessary to 
have the 145-bp ITRs, which are only 6% of the AAV genome. This leaves room in 
the vector to assemble a 4.5-kb DNA insertion. AAV is also a good choice of 
delivery vehicles due to its safety. There is a relatively complicated rescue 
20 mechanism: not only wild type adenovirus but also AAV genes are required to 
mobilize rAAV. Likewise, AAV is not pathogenic and not associated with any 
disease. The removal of viral coding sequences minimizes immune reactions to viral 
gene expression, and therefore, rAAV does not evoke an inflammatory response. 
AAV therefore, represents an ideal candidate for delivery of the present hammerhead 
25 ribozyme constructs. 

Retroviruses have promise as gene delivery vectors due to their ability to 
integrate their genes into the host genome, transferring a large amount of foreign 
genetic material, infecting a broad spectrum of species and cell types and of being 
packaged in special cell-lines. 
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Of course, in using viral delivery systems, one will desire to purify the virion 
sufficiently to render it essentially free of undesirable contaminants, such as defective 
interfering viral particles or endotoxins and other pyrogens such that it will not cause 
any untoward reactions in the cell, animal or individual receiving the vector construct 
5 A preferred means of purifying the vector involves the use of buoyant density 
gradients, such as cesium chloride gradient centrifugation, heparin affinity 
chromatography (Clark e/a/., 1999), or non-ionic iodixinol gradients followed by 
heparin affinity chromatography (Zolotukhin et aL> 1999). 

The titer of AAV in a given sample may be determined using any one of the 
10 methods routinely accepted in the AAV arts. For example, the inventors routinely use 
the methods of QC-PCR™ or infectious center assay, as described in detail in the 
Examples and by Zolotukhin et al. (1999), to determine the titer of a viral stock. 

Likewise, the infectivity of a given AAV sample may be determined using any 
one of the methods routinely accepted in the AAV arts. For example, the inventors 
1 5 routinely use the methods of Hermonat and Muzyczka (1 984) or Clark et al (1999) to 
determine the infectivity of a given AAV stock. 

The titer and infectivity of HSV in a given sample may also be determined 
using any one of the conventional methods known to those of skill in the art For 
example, the methods described in detail in Example 9, below, are routinely employed 
20 by the inventors to determine the titer and infectivity of an HSV viral stock. 
Infectivity and titer are equivalent for HSV, since plaque-forming units are measured. 

4.4 Herpes Simplex Virus 

As described in U.S. Patent 5,879,934 (specifically incorporated herein by 

25 reference in its entirety), Herpes simplex virus (HSV) comprises a double-stranded, 
linear DNA genome that encodes approximately 80 genes and consists of an 
approximately 152-kb nucleotide sequence. The viral genes are transcribed by 
cellular RNA polymerase II and are temporally regulated, resulting in the transcription 
and subsequent synthesis of gene products in roughly three discernable phases. These 

3 0 phases are referred to as the Immediate Early (IE, or a), Early (E, or p) and Late (L, or 
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y) genes. Immediately following the arrival of the genome of a virus in the nucleus of 
a newly infected cell, the BE genes are transcribed. The efficient expression of these 
genes does not require prior viral protein synthesis. The products of IE genes are 
required to activate transcription and regulate the remainder of the viral genome. 
5 One IE protein, Infected Cell Polypeptide 4 (ICP4), also known as ct4, or 

Vmwl75, is absolutely required for both virus infectivity and the transition from IE to 
later transcription (DeLuca et aL, 1987; DeLuca et aL, 1988; Paterson et al. t 1988a; 
1988b; Sheparde/a/., 1989; ShepardeM/., 1991). 

U. S. Patent 5,879,934 teaches that several reports have described the use of 
10 viruses deleted in ICP4 for gene transfer (Breakefield et aL, 1991; Chocca et aL, 
1990). One property of viruses deleted for ICP4 that makes them desirable for gene 
transfer is that they only express the five other IE genes: ICPO, ICP6, ICP27, ICP22 
and ICP47 (DeLuca et aL, 1985). This excludes the expression of viral genes 
encoding proteins that direct viral DNA synthesis, as well as the structural proteins of 
15 the virus, which is desirable because it minimizes possible deleterious effects on host 
cell metabolism following gene transfer. 

4.5 Methods of Nucleic Acid Delivery and DNA Transfection 

In some embodiments, it may be desirable to use other methods for the transfer 
of expression constructs into target mammalian cells. Some of these techniques may 
be successfully adapted for in vivo or ex vivo use, as discussed below. Likewise, in 
some applications, it may be desirable to transfer a naked DNA expression construct 
into cells using methods such as particle bombardment. This method depends on the 
ability to accelerate DNA coated microprojectiles to a high velocity allowing them to 
pierce cell membranes and enter cells without killing them. Several devices for 
accelerating small particles have been developed. One such device relies on a high 
voltage discharge to generate an electrical current, which in turn provides the motive 
force. The microprojectiles used have consisted of biologically inert substances such 
as tungsten or gold beads. 

19 
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In certain embodiments, it is contemplated that one or more polynucleotide 
compositions disclosed herein will be used to transfect an appropriate host cell. 
Technology for introduction of nucleic acids into cells is well known to those of skill 
in the art These include calcium phosphate precipitation (Graham and Van Der Eb, 
5 1973; Chen and Okayama, 1987; Rippe et al y 1990) DEAE-dextran (Gopal, 1985), 
electroporation (Wong and Neumann, 1982; Fromm e/a/., 1985; Tur-Kaspa et a/., 
1986; Potter et aL, 1984; Suzuki et al., 1998; Vanbever et al. y 1998), direct 
microinjection (Capecchi, 1980; Harland and Weintraub, 1985), DNA-loaded 
liposomes (Nicolau and Sene, 1982; Fraley et al y 1979; Takakura, 1998) and 
10 lipofectamine-DNA complexes, cell sonication (Fechheimer et al, 1987), gene 
bombardment using high velocity microprojectiles (Yang et ai, 1990; Klein et al. y 
1992), and receptor-mediated transfection (Curiel etal y 1991; Wagner etal> 1992; 
Wu and Wu, 1987; Wu and Wu, 1988). Some of these techniques may be 
successfully adapted for in vivo or ex vivo use. 

15 

4.6 Liposome and Nanocapsule Formulations 

In a further embodiment of the invention, the rAAV vectors and related 
expression constructs may be formulated by entraping within a liposome, 
nanocapsule, microcapsule, lipofectamine-DNA complex, or other suitable lipid 

20 particle, as discussed below. In certain embodiments, the inventors contemplate the 
use of liposomes, nanocapsules, microparticles, microspheres, lipid particles, vesicles, 
and the like, for the introduction of the viral compositions of the present invention 
into suitable host cells. 

Liposome-mediated nucleic acid delivery and expression of foreign DNA in 

25 vitro has been very successful. Wong etal (1980) demonstrated the feasibility of 
liposome-mediated delivery and expression of foreign DNA in cultured chick embryo, 
HeLa and hepatoma cells. In certain embodiments of the invention, the liposome may 
be complexed with a hemagglutinating virus (HVJ). This has been shown to facilitate 
fusion with the cell membrane and promote cell entry of liposome-encapsulated DNA. 

30 In other embodiments, the liposome may be complexed or employed in conjunction 
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with nuclear non-histone chromosomal proteins (HMG-1). In yet further 
embodiments, the liposome may be complexed or employed in conjunction with both 
HVJ and HMG-1. In other embodiments, the delivery vehicle may comprise a ligand 
and a liposome. 

5 Such formulations may be preferred for the introduction of pharmaceutical^ 

acceptable formulations of the viral vectors disclosed herein. The formation and Use 
of liposomes is generally known to those of skill in the art (see for example, Couvreur 
et aL, 1977; Couvreur, 1988; Lasic, 1998; which describes the use of liposomes and 
nanocapsules in the targeted antibiotic therapy for intracellular bacterial infections and 

10 diseases). Recently, liposomes were developed with improved serum stability and 
circulation half-lives (Gabizon and Papahadjopoulos, 1988; Allen and Choun, 1987; 
U. S. Patent 5,741,516, specifically incorporated herein by reference in its entirety). 
Further, various methods of liposome and liposome like preparations as potential drug 
carriers have been reviewed (Takakura, 1998; Chandran et al y 1997; Margalit, 1995; 

15 U. S. Patent 5,567,434; U. S. Patent 5,552,157; U. S. Patent 5,565,213; U. S. Patent 
5,738,868 and U. S. Patent 5,795,587, each specifically incorporated herein by 
reference in its entirety). 

Liposomes have been used successfully with a number of cell types that are 
normally resistant to transfection by other procedures including T cell suspensions, 

20 primary hepatocyte cultures and PC 12 cells (Renneisen et aL, 1990; Muller et aL 9 
1990). In addition, liposomes are free of the DNA length constraints that are typical 
of viral-based delivery systems. Liposomes have been used effectively to introduce 
genes, drugs (Heath and Martin, 1986; Heath etal., 1986; Balazsovits etaL, 1989; 
Fresta and Puglisi, 1996), radiotherapeutic agents (Pikul etaL, 1987), enzymes 

25 (Imaizumi et aL, 1990a; Imaizumi et aL, 1990b), viruses (Faller and Baltimore, 1984), 
transcription factors and allosteric effectors (Nicolau and Gersonde, 1979) into a 
variety of cultured cell lines and animals. In addition, several successful clinical trails 
examining the effectiveness of liposome-mediated drug delivery have been completed 
(Lopez-Berestein etal, 1985a; 1985b; Coune, 1988; Soulier et aL 1988). 

30 Furthermore, several studies suggest that the use of liposomes is not associated with 
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autoimmune responses, toxicity or gonadal localization after systemic delivery (Mori 
and Fukatsu, 1992). 

Liposomes are formed from phospholipids that are dispersed in an aqueous 
medium and spontaneously form multilamellar concentric bilayer vesicles (also 
5 termed multilamellar vesicles (MLVs). MLVs generally have diameters of from 25 
nm to 4 nm. Sonication of MLVs results in the formation of small unilamellar 
vesicles (SUVs) with diameters in the range of 200 to 500 A, containing an aqueous 
solution in the core. 

Liposomes bear resemblance to cellular membranes and are contemplated for 

10 use in connection with the present invention as carriers for the peptide compositions. 
They are widely suitable as both water- and lipid-soluble substances can be entrapped, 
Le. in the aqueous spaces and within the bilayer itself, respectively. It is possible that 
the drug-bearing liposomes may even be employed for site-specific delivery of active 
agents by selectively modifying the liposomal formulation. 

15 In addition to the teachings of Couvreur et al (1977; 1988), the following 

information may be utilized in generating liposomal formulations. Phospholipids can 
form a variety of structures other than liposomes when dispersed in water, depending 
on the molar ratio of lipid to water. At low ratios the liposome is the preferred 
structure. The physical characteristics of liposomes depend on pH, ionic strength and 

20 the presence of divalent cations. Liposomes can show low permeability to ionic and 
polar substances, but at elevated temperatures undergo a phase transition which 
markedly alters their permeability. The phase transition involves a change from a 
closely packed, ordered structure, known as the gel state, to a loosely packed, less- 
ordered structure, known as the fluid state. This occurs at a characteristic phase- 

25 transition temperature, and results in an increase in permeability to ions, sugars, and 
drugs. 

In addition to temperature, exposure to proteins can alter the permeability of 
liposomes. Certain soluble proteins such as cytochrome c bind, deform, and penetrate 
the bilayer, thereby causing changes in permeability. Cholesterol inhibits this 
30 penetration of proteins, apparently by packing the phospholipids more tightly. It is 
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contemplated that the most useful liposome formations for antibiotic and inhibitor 
delivery will contain cholesterol. 

The ability to trap solutes varies between different types of liposomes. For 
example, MLVs arc moderately efficient at trapping solutes, but SUVs are extremely 
5 inefficient SUVs offer the advantage of homogeneity and reproducibility in size 
distribution, however, and a compromise between size and trapping efficiency is 
offered by large unilamellar vesicles (LUVs). These are prepared by ether 
evaporation and are three to four times more efficient at solute entrapment than 
MLVs. 

10 In addition to liposome characteristics, an important determinant in entrapping 

compounds is the physicochemical properties of the compound itself. Polar 
compounds are trapped in the aqueous spaces and nonpolar compounds bind to the 
lipid bilayer of the vesicle. Polar compounds are released through permeation or 
when the bilayer is broken, but nonpolar compounds remain affiliated with the bilayer 

15 unless it is disrupted by temperature or exposure to lipoproteins. Both types show 
mflYinrnm efflux rates at the phase transition temperature. 

Liposomes interact with cells via four different mechanisms: Endocytosis by 
phagocytic cells of the reticuloendothelial system such as macrophages and 
neutrophils; adsorption to the cell surface, either by nonspecific weak hydrophobic or 

20 electrostatic forces, or by specific interactions with cell-surface components; fusion 
with the plasma cell membrane by insertion of the lipid bilayer of the liposome into 
the plasma membrane, with simultaneous release of liposomal contents into the 
cytoplasm; and by transfer of liposomal lipids to cellular or subcellular membranes, or 
vice versa, without any association of the liposome contents. It often is difficult to 

25 determine which mechanism is operative and more than one may operate at the same 
time. 

The fete and disposition of intravenously injected liposomes depend on their 
physical properties, such as size, fluidity and surface charge. They may persist in 
tissues for h or days, depending on their composition, and half lives in the blood range 
30 from min to several h. Larger liposomes, such as MLVs and LUVs, are taken up 
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rapidly by phagocytic cells of the reticuloendothelial system, but physiology of the 
circulatory system restrains the exit of such large species at most sites. They can exit 
only in places where large openings or pores exist in the capillary endothelium, such 
as the sinusoids of the liver or spleen. Thus, these organs are the predominate site of 
uptake. On the other hand, SUVs show a broader tissue distribution but still are 
sequestered highly in the liver and spleen. In general, this in vivo behavior limits the 
potential targeting of liposomes to only those organs and tissues accessible to their 
large size. These include the blood, liver, spleen, bone marrow and lymphoid organs. 

Targeting is generally not a limitation in terms of the present invention. 
However, should specific targeting be desired, methods are available for this to be 
accomplished. Antibodies may be used to bind to the liposome surface and to direct 
the antibody and its drug contents to specific antigenic receptors located on a 
particular cell-type surface. Carbohydrate determinants (glycoprotein or glycolipid 
cell-surface components that play a role in cell-cell recognition, interaction and 
adhesion) may also be used as recognition sites as they have potential in directing 
liposomes to particular cell types. Mostly, it is contemplated that intravenous 
injection of liposomal preparations would be used, but other routes of administration 
are also conceivable. 

Alternatively, the invention provides for pharmaceutical^ acceptable 
nanocapsule formulations of the polynucleotide compositions of the present invention. 
Nanocapsules can generally entrap compounds in a stable and reproducible way 
(Henry-Michelland e/o/., 1987; Quintanar-Guerrero et al., 1998; Douglas et a/., 
1987). To avoid side effects due to intracellular polymeric overloading, such ultrafine 
particles (sized around 0.1 (im) should be designed using polymers able to be 
degraded in vivo. Biodegradable polyalkyl-cyanoacrylate nanoparticles that meet 
these requirements are contemplated for use in the present invention, and such 
particles may be are easily made, as described (Couvreur etaL, 1980; 1988; zur 
Muhlen et aL, 1998; Zambaux et al. 1998; Pinto-Alphandry et al, 1995 and U. S. 
Patent 5,145,684, specifically incorporated herein by reference in its entirety 
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4.7 Pharmaceutical Compositions and Routes of Administration 

In aspects of the invention involving administration of the vector compositions 
to an animal (e.g., in gene therapy of a human subject), the vector compositions are 
preferably dispersed in a pharmaceutical^ acceptable excipient or solution. The 
5 pharmaceutical compositions comprising the vector compositions may be 
administered parenterally, intraperitoneally or topically. Solutions of the active 
compounds as a free base or a pharmacologically acceptable salt may also be prepared 
in water suitably mixed with a surfactant, such as hydroxypropylcellulose. 
Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and 

10 mixtures thereof and in oils. Under ordinary conditions of storage and use, these 
preparations contain a preservative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous 
solutions or dispersions and sterile powders for the extemporaneous preparation of 
sterile injectable solutions or dispersions. In all cases the form must be sterile and 

15 must be fluid to the extent that easy syringability exists. It must be stable under the 
conditions of manufacture and storage and must be preserved against the 
contaminating action of microorganisms, such as bacteria and fungi. The carrier can 
be a solvent or dispersion medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyethylene glycol, and die like), 

20 suitable mixtures thereof, and vegetable oils. The proper fluidity can be m aintai n ed, 
for example, by the use of a coating, such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use of surfactants. The 
prevention of the action of microorganisms can be brought about by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 

25 sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars or sodium chloride. Prolonged absorption of the 
injectable compositions can be brought about by the use in the compositions of agents 
delaying absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active 

30 compounds in the required amount in the appropriate solvent with several of the other 
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ingredients enumerated above, as required, followed by filtered sterilization. 
Generally, dispersions are prepared by incorporating the various sterilized active 
ingredients into a sterile vehicle which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In the case of sterile 
powders for the preparation of sterile injectable solutions, the preferred methods of 
preparation are vacuum-drying and freeze-drying techniques which yield a powder of 
the active ingredient plus any additional desired ingredient from a previously sterile- 
filtered solution thereof. 

For ophthalmic delivery regimens, the vector compositions may also be 
advantageously administered extraocularly or intraocularly, by topical application, 
inserts, injection, implants, or by cell therapy or gene therapy. For example, slow- 
releasing implants containing the vector compositions embedded in a biodegradable 
polymer matrix can deliver the vector compositions intra ocularly. The vector 
compositions may also be administered extracerebrally in a form that has been 
modified chemically or packaged so that it passes the blood-brain barrier, or it may be 
administered in connection with one or more agents capable of promoting penetration 
of the vector compositions across the barrier. Similarly, the vector compositions may 
be administered intraocularly, or may be administered extraocularly in connection 
with one or more agents capable of promoting penetration or transport of the vector 
compositions across the membranes of the eye. 

As used herein, "pharmaceutically acceptable carrier" includes any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like. The use of such media and agents for 
pharmaceutical active substances is well known in the art Except insofar as any 
conventional media or agent is incompatible with the active ingredient, its use in the 
therapeutic compositions is contemplated. Supplementary active ingredients can also 
be incorporated into the compositions. 

The phrase "pharmaceutically acceptable" refers to molecular entities and 
compositions that do not produce an allergic or similar untoward reaction when 
administered to a human. The preparation of an aqueous composition that contains a 
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protein as an active ingredient is well understood in the art Typically, such 
compositions are prepared as injectables, either as liquid solutions or suspensions; 
solid forms suitable for solution in, or suspension in, liquid prior to injection can also 
be prepared. The preparation can also be emulsified 
S The composition can be formulated in a neutral or salt form. Pharmaceutically 

acceptable salts, include the acid addition salts (formed with the free amino groups of 
the protein) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, 
mandelic, and the like. Salts formed with the free carboxyl groups can also be derived 

10 from inorganic bases such as, for example, sodium, potassium, ammonium, calcium, 
or ferric hydroxides, and such organic bases as isopropylamine, trimethylamine, 
histidine, procaine and the like. Upon formulation, solutions will be administered in a 
manner compatible with the dosage formulation and in such amount as is 
therapeutically effective. The formulations are easily administered in a variety of 

IS dosage forms such as injectable solutions, drug release capsules and the like. 

For parenteral administration in an aqueous solution, for example, the solution 
should be suitably buffered if necessary and the liquid diluent first rendered isotonic 
with sufficient saline or glucose. These particular aqueous solutions are especially 
suitable for intravenous, intramuscular, subcutaneous and intraperitoneal 

20 administration. In this connection, sterile aqueous media that can be employed will be 
known to those of skill in the art in light of the present disclosure. For example, one 
dosage could be dissolved in 1 ml of isotonic NaCl solution and either added to 1000 
ml of hypodermoclysis fluid or injected at the proposed site of infusion, (see for 
example, "Remington's Pharmaceutical Sciences" 15th Edition, pages 1035-1038 and 

25 1570-1580). Some variation in dosage will necessarily occur depending on the 
condition of the subject being treated. The person responsible for administration will, 
in any event, determine the appropriate dose for the individual subject Moreover, for 
human administration, preparations should meet sterility, pyrogenicity, general safety 
and purity standards as required by FDA Office of Biologies standards. 

30 
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4.8 Therapeutic Km 

Additional embodiments of the present invention concern therapeutic kits that 
comprise, in a suitable container means, at least a first, or at least a first and a second 
rAAV vector in a pharmaceutical^ acceptable formulation. The vector compositions 
may comprise one or more polynucleotide sequences that encode all, or portions of 
one or more genes targeted for delivery to a selected host cell by the rAAV vector. 
These genes may encode full-length proteins, truncated proteins, site-specifically 
mutated proteins, or peptide epitopes. In other embodiments, the rAAV vector may 
comprise nucleic acid segments that encode enhancers, transcription factors, structural 
or regulatory proteins, ribozymes, or fusion proteins, and the like. Such nucleic acid 
segments may be either native, recombinant, or mutagenized nucleic acid segments. 
Kits comprising at least a first rAAV construct and instructions for using the construct 
(e.g., in embodiments concerning gene therapy regimens) are also within the scope of 
the present invention. Such instructions may comprise information regarding the 
formulation, administration, dosage, or assay of the appropriate gene therapy 
constructs. 

The kits may comprise a single container that may, if desired, contain a 
pharmaceutical^ acceptable sterile excipient, having associated with it the vector 
compositions. The single container means may contain a dry, or lyophilized, mixture 
of the viral vector composition, which may or may not require pre-wetting before use. 

Alternatively, the kits of the invention may comprise a distinct container for 
each component In such cases, separate or distinct containers would contain the viral 
vector, either as a sterile DNA solution or in a lyophilized form. The kits may also 
comprise a third container for containing a sterile, pharmaceutically acceptable buffer, 
diluent or solvent Such a solution may be required to formulate the vector 
components into a more suitable form for application to the body, e.g. y as an 
intravenous or other injectable form(s). It should be noted, however, that all 
components of a kit could be supplied in a dry form (lyophilized), which would allow 
for "wetting" upon contact with body fluids. Thus, the presence of any type of 
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pharmaceutically acceptable buffer or solvent is not a requirement for the kits of the 
invention. 

The containers) will generally be a container such as a vial, test tube, flask, 
bottle, syringe or other container, into which the components of the kit may placed. 
The compositions may also be aliquoted into smaller containers, should this be 
desired. The kits of the present invention may also include material for containing the 
individual containers in close confinement for commercial sale, such as, e.g., injection 
or blow-molded plastic containers into which the desired vials or syringes are 
retained. Irrespective of the number of containers, the kits of the invention may also 
comprise, or be packaged with, an instrument for assisting with the placement of the 
vector compositions within the body of an animal. Such an instrument may be a 
syringe, pipette, forceps, or any such medically approved delivery vehicle. Likewise, 
the kit may also comprise one or more sets of instructions for use of the kit, for 
delivery of the vector to a selected host cell, or for storage and handling of the kit and 
its contents. 

4.9 Kits for Large-Scale Preparation of rAAV or HSV Vectors 

Additional embodiments of the present invention concern kits that comprise, 
in a suitable container means, at least a first DNA segment comprising an AAV rep 
20 coding sequence operably linked to a promoter, an AAV cap coding sequence 
operably linked to a promoter, an HSV-1 origin of replication and an HSV-1 
packaging sequence. Such kits may also comprise an HSV-1 helper virus. 

The kits may comprise a single container that contains the DNA segment and 
the helper virus, or the DNA segment and helper virus may be contained in distinct 
25 containers. Kits that comprise a recombinant herpes simplex virus vector comprising 
an AAV rep coding sequence operably linked to a promoter and an AAV cap coding 
sequence operably linked to a promoter are also provided. 

Such kits may also include material for containing the individual containers in 
close confinement for commercial sale, such as, e.g., injection or blow-molded plastic 
30 containers into which the desired vials or syringes are retained. Irrespective of the 
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number of containers, the kits of the invention may also comprise one or more sets of 
instructions for use of the kit, for delivery of the vector to a selected host cell, or for 
storage and handling of the kit and its contents. Such instructions may provide 
protocols for the large-scale preparation of the vector components, and may include 
S such information as growth conditions, isolation and purification methodologies, and 
other parameters for preparation of the final vector compositions 

4.10 Nucleic Acid Amplification and Site-Specific Mutagenesis 

Site-specific mutagenesis is a technique useful in the preparation of individual 

10 peptides, or biologically functional equivalent polypeptides, through specific 
mutagenesis of the underlying polynucleotides that encode them. The technique, 
well-known to those of skill in the art, further provides a ready ability to prepare and 
test sequence variants, for example, incorporating one or more of the foregoing 
considerations, by introducing one or more nucleotide sequence changes into the 

15 DNA. Site-specific mutagenesis allows the production of mutants through the use of 
specific oligonucleotide sequences which encode the DNA sequence of the desired 
mutation, as well as a sufficient number of adjacent nucleotides, to provide a primer 
sequence of sufficient size and sequence complexity to form a stable duplex on both 
sides of the deletion junction being traversed. Mutations may be employed in a 

20 selected polynucleotide sequence to improve, alter, decrease, modify, or change the 
properties of the polynucleotide itself, and/or alter the properties, activity, 
composition, stability, or primary sequence of the encoded polypeptide. 

In certain embodiments of the present invention, the inventors contemplate the 
mutagenesis of the disclosed polynucleotide sequences to alter the activity or 

25 effectiveness of such viral vector constructs in a transformed host cell. Likewise in 
certain embodiments, the inventors contemplate the mutagenesis of the viral genome 
itself to facilitate improved infectivity, replication, stability, activity, or viral titers, as 
well as efficiency of transfection both in vitro and/or in vivo. 

In general, site-directed mutagenesis in accordance herewith is performed by 

30 first obtaining a single-stranded vector or melting apart of two strands f a 
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double-stranded vector which includes within its sequence a DNA sequence which 
encodes the desired polypeptide^). An oligonucleotide primer bearing the desired 
mutated sequence is prepared, generally synthetically. This primer is then annealed 
with the single-stranded vector, and subjected to DNA polymerizing enzymes such as 
5 E coli polymerase I Klenow fragment, in order to complete the synthesis of the 
mutation-bearing strand. Thus, a heteroduplex is formed wherein one strand encodes 
the original non-mutated sequence and the second strand bears the desired mutation. 
This heteroduplex vector is then used to transform appropriate cells, such as K coli 
cells, and clones are selected which include recombinant vectors bearing the mutated 

10 sequence arrangement 

The preparation of sequence variants of the selected polynucleotide segments 
using site-directed mutagenesis is provided as a means of producing potentially useful 
species and is not meant to be limiting, as there are other ways in which sequence 
variants of polypeptides and the DNA sequences encoding them may be obtained. For 

15 example, recombinant vectors encoding a desired polypeptide sequence may be 
treated with mutagenic agents, such as hydroxylamine, to obtain sequence variants. 
Specific details regarding these methods and protocols are found in the teachings of 
Maloy etal, 1994; Segal, 1976; Prokop and Bajpai, 1991; Kuby, 1994; and Maniatis 
et al, 1982, each incorporated herein by reference, for that purpose. 

20 As used herein, the term "oligonucleotide directed mutagenesis procedure" 

refers to template-dependent processes and vector-mediated propagation that result in 
an increase in the concentration of a specific nucleic acid molecule relative to its 
initial concentration, or in an increase in the concentration of a detectable signal, such 
as amplification. As used herein, the term "oligonucleotide directed mutagenesis 

25 procedure" is intended to refer to a process that involves the template-dependent 
extension of a primer molecule. The term template dependent process refers to 
nucleic acid synthesis of an RNA or a DNA molecule wherein the sequence of the 
newly synthesized strand of nucleic acid is dictated by the well-known rules of 
complementary base pairing (see, for example, Watson, 1987). Typically, vector 

30 mediated methodologies involve the introduction of the nucleic acid fragment into a 
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DNA or RNA vector, the clonal amplification of the vector, and the recovery of the 
amplified nucleic acid fragment Examples of such methodologies are provided by U. 
S. Patent 4,237,224, specifically incorporated herein by reference in its entirety. 
Nucleic acids, used as a template for amplification methods, may be isolated from 
5 cells according to standard methodologies (Sambrook etal., 1989). The nucleic acid 
may be genomic DNA or fractionated or whole cell RNA. Where RNA is used, it 
may be desired to convert the RNA to a complementary DNA. In one embodiment, 
the RNA is whole cell RNA and is used directly as the template for amplification. 

Pairs of primers that selectively hybridize to nucleic acids corresponding to the 

10 ribozymes or conserved flanking regions are contacted with the isolated nucleic acid 
under conditions that permit selective hybridization. The term "primer," as defined 
herein, is meant to encompass any nucleic acid that is capable of priming the synthesis 
of a nascent nucleic acid in a template-dependent process. Typically, primers are 
oligonucleotides from ten to twenty base pairs in length, but longer sequences can be 

15 employed. Primers may be provided in double-stranded or single-stranded form, 
although the single-stranded form is preferred. 

Once hybridized, the nucleic acidrprimer complex is contacted with one or 
more enzymes that facilitate template-dependent nucleic acid synthesis. Multiple 
rounds of amplification, also referred to as "cycles," are conducted until a sufficient 

20 amount of amplification product is produced. 

Next, the amplification product is detected. In certain applications, the 
detection may be performed by visual means. Alternatively, the detection may 
involve indirect identification of the product via chemiluminescence, radioactive 
scintigraphy of incorporated radiolabel or fluorescent label or even via a system using 

25 electrical or thermal impulse signals (Affymax technology). 

A number of template dependent processes are available to amplify the marker 
sequences present in a given template sample. One of the best-known amplification 
methods is the polymerase chain reaction (referred to as PCR™) which is described in 
detail in IL S. Patent Nos. 4,683,195, 4,683,202 and 4,800,159, and each incorporated 

30 herein by reference in entirety. 
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Briefly, in PCR™, two primer sequences are prepared that are complementary 
to regions on opposite complementary strands of the marker sequence. An excess of 
deoxynucleoside triphosphates is added to a reaction mixture along with a DNA 
polymerase, e.g. t Taq polymerase. If the marker sequence is present in a sample, the 
primers will bind to the marker and the polymerase will cause the primers to be 
extended along the marker sequence by adding on nucleotides. By raising and 
lowering the temperature of the reaction mixture, the extended primers will dissociate 
from the marker to form reaction products, excess primers will bind to the marker and 
to the reaction products and the process is repeated. 

A reverse transcriptase PCR amplification procedure may be performed in 
order to quantify the amount of mRNA amplified Methods of reverse transcribing 
RNA into cDNA are well known and described in Sambrook et al, 1989. Alternative 
methods for reverse transcription utilize thermostable, RNA-dependent DNA 
polymerases. These methods are described in WO 90/07641, filed December 21, 
1990, incorporated herein by reference. Polymerase chain reaction methodologies are 
well known in the art 

Another method for amplification is the ligase chain reaction ("LCR"), 
disclosed in Eur. Pat. Appl. No. 320308, incorporated herein by reference in its 
entirety. In LCR, two complementary probe pairs are prepared, and in the presence of 
the target sequence, each pair will bind to opposite complementary strands of the 
target such that they abut In the presence of a ligase, the two probe pairs will link to 
form a single unit By temperature cycling, as in PCR, bound ligated units dissociate 
from the target and then serve as "target sequences" for ligation of excess probe pairs. 
U. S. Patent 4,883,750 describes a method similar to LCR for binding probe pairs to a 
target sequence. 

Qbeta Replicase (QPR), described in Intl. Pat AppL PubL No. 
PCT/US87/00880, incorporated herein by reference, may also be used as still another 
amplification method in the present invention. In this method, a implicative sequence 
of RNA that has a region complementary to that of a target is added to a sample in the 
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presence of an RNA polymerase. The polymerase will copy the replicative sequence 
that can then be detected. 

An isothermal amplification method, in which restriction endonucleases and 
ligases are used to achieve the amplification of target molecules that contain 
5 nucleotide 5-[alpha-thio]-triphosphates in one strand of a restriction site may also be 
useful in the amplification of nucleic acids in the present invention. 

Strand Displacement Amplification (SDA), described in U. S. Patent Nos. 
5,455,166, 5,648,211, 5,712,124 and 5,744,311, each incorporated herein by 
reference, is another method of carrying out isothermal amplification of nucleic acids 

10 which involves multiple rounds of strand displacement and synthesis, Le., nick 
translation. A similar method, called Repair Chain Reaction (RCR), involves 
annealing several probes throughout a region targeted for amplification, followed by a 
repair reaction in which only two of the four bases are present The other two bases 
can be added as biotinylated derivatives for easy detection. A similar approach is 

15 used in SDA. Target specific sequences can also be detected using a cyclic probe 
reaction (CPR). In CPR, a probe having 3 1 and 5' sequences of non-specific DNA and 
a middle sequence of specific RNA is hybridized to DNA that is present in a sample. 
Upon hybridization, the reaction is treated with RNase H, and the products of the 
probe identified as distinctive products that are released after digestion. The original 

20 template is annealed to another cycling probe and the reaction is repeated. 

Still another amplification methods described in Great Britain Patent 2202328, 
and in Intl. Pat Appl. Publ. No. PCT/US89/01025, each of which is incorporated 
herein by reference in its entirety, may be used in accordance with the present 
invention. In the former application, "modified" primers are used in a PCR-Iike, 

25 template- and enzyme-dependent synthesis. The primers may be modified by labeling 
with a capture moiety (e.g., biotin) and/or a detector moiety enzyme). In the 
latter application, an excess of labeled probes is added to a sample. In the presence of 
the target sequence, the probe binds and is cleaved catalytically. After cleavage, the 
target sequence is released intact, available to be bound by excess probe. Cleavage of 

30 the labeled probe signals the presence of the target sequence. 
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Other nucleic acid amplification procedures include transcription-based 
amplification systems (TAS), including nucleic acid sequence based amplification 
(NASBA) and 3SR Gingeras e/a/., PCT Application WO 88/10315, incorporated 
herein by reference. In NASBA, the nucleic acids can be prepared for amplification 
5 by standard phenol/chloroform extraction, heat denaturation of a clinical sample, 
treatment with lysis buffer and minispin columns for isolation of DNA and RNA or 
guanidinium chloride extraction of RNA. These amplification techniques involve 
annealing a primer that has target specific sequences. Following polymerization, 
DNA/RNA hybrids are digested with RNase H while double stranded DNA molecules 

10 are heat denatured again. In either case the single stranded DNA is made fully double 
stranded by addition of second target specific primer, followed by polymerization. 
The double-stranded DNA molecules are then multiply transcribed by an RNA 
polymerase such as T7 or SP6. In an isothermal cyclic reaction, the RNA's are 
reverse transcribed into single stranded DNA, which is then converted to double- 

15 stranded DNA, and then transcribed once again with an RNA polymerase such as T7 
or SP6. The resulting products, whether truncated or complete, indicate target 
specific sequences. 

Davey etal, Eur. Pat Appl. No. 329822 (incorporated herein by reference in 
its entirety) disclose a nucleic acid amplification process involving cyclically 

20 synthesizing single-stranded RNA ("ssRNA"), ssDNA, and double-stranded DNA 
(dsDNA), which may be used in accordance with the present invention. The ssRNA 
is a template for a first primer oligonucleotide, which is elongated by reverse 
transcriptase (RNA-dependent DNA polymerase). The RNA is then removed from 
the resulting DNA:RNA duplex by the action of ribonuclease H (RNase H, an RNase 

25 specific for RNA in duplex with either DNA or RNA). The resultant ssDNA is a 
template for a second primer, which also includes the sequences of an RNA 
polymerase promoter (exemplified by 17 RNA polymerase) 5' to its homology to the 
template. This primer is then extended by DNA polymerase (exemplified by the large 
"Klenow" fragment of E coli DNA polymerase I), resulting in a double-stranded 

30 DNA ("dsDNA") molecule, having a sequence identical to that of the original RNA 
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between the primers and having additionally, at one end, a promoter sequence. This 
promoter sequence can be used by the appropriate RNA polymerase to make many 
RNA copies of the DNA. These copies can then re-enter the cycle leading to very 
swift amplification. With proper choice of enzymes, this amplification can be done 
5 isothermally without addition of enzymes at each cycle. Because of the cyclical 
nature of this process, the starting sequence can be chosen to be in the form of either 
DNA or RNA. 

Miller et al y PCT Application WO 89/06700 (incorporated herein by reference 
in its entirety) disclose a nucleic acid sequence amplification scheme based on the 

10 hybridization of a promoter/primer sequence to a target single-stranded DNA 
("ssDNA") followed by transcription of many RNA copies of the sequence. This 
scheme is not cyclic, new templates are not produced from the resultant RNA 
transcripts. Other amplification methods include "RACE" and "one-sided PCR" 
(Frohman, 1990 incorporated by reference). 

15 Methods based on ligation of two (or more) oligonucleotides in the presence of 

nucleic acid having the sequence of the resulting "di-oligonucleotide", thereby 
amplifying the di-oligonucleotide, may also be used in the amplification step of the 
present invention. 

Following any amplification, it may be desirable to separate the amplification 
20 product from the template and the excess primer for the purpose of determining 
whether specific amplification has occurred. In one embodiment, amplification 
products are separated by agarose, agarose-acrylamide or polyacrylamide gel 
electrophoresis using standard methods (Sambrook et aJ. 9 1989). 

Alternatively, chromatographic techniques may be employed to effect 
25 separation. There are many kinds of chromatography which may be used in the 
present invention: adsorption, partition, ion exchange and molecular sieve, and many 
specialized techniques for using them including column, paper, thin-layer and gas 
chromatography. 

Amplification products must be visualized in order to confirm amplification of 
30 the marker sequences. One typical visualization method involves staining of a gel 
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with ethidium bromide and visualization under UV light Alternatively, if the 
amplification products are integrally labeled with radio- or fluorometrically-labeled 
nucleotides, the amplification products can then be exposed to x-ray film or visualized 
under the appropriate stimulating spectra, following separation. 

In one embodiment, visualization is achieved indirectly. Following separation 
of amplification products, a labeled, nucleic acid probe is brought into contact with 
the amplified marker sequence. The probe preferably is conjugated to a chromophobe 
but may be radiolabeled. In another embodiment, the probe is conjugated to a binding 
partner, such as an antibody or biotin, and the other member of the binding pair 
carries a detectable moiety. 

In one embodiment, detection is by Southern blotting and hybridization with a 
labeled probe. The techniques involved in Southern blotting are well known to those 
of skill in the art and can be found in many standard books on molecular protocols 
(Sambrook etal, 1989). Briefly, amplification products are separated by gel 
electrophoresis. The gel is then contacted with a membrane, such as nitrocellulose, 
permitting transfer of the nucleic acid and non-covalent binding. Subsequently, the 
membrane is incubated with a chromophore-conjugated probe that is capable of 
hybridizing with a target amplification product Detection is by exposure of the 
membrane to x-ray film or ion-emitting detection devices. 

One example of the foregoing is described in U. S. Patent 5,279,721, 
incorporated by reference herein, which discloses an apparatus and method for the 
automated electrophoresis and transfer of nucleic acids. The apparatus permits 
electrophoresis and blotting without external manipulation of the gel and is ideally 
suited to carrying out methods according to the present invention. 

4.11 Biological Functional Equivalents 

Modification and changes may be made in the structure of the polynucleotides 
and polypeptides of the present invention and still obtain a functional molecule that 
still possesses desirable characteristics. As mentioned above, it is often desirable to 
introduce one or more mutations into a specific polynucleotide sequence. In certain 
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circumstances, the resulting encoded polypeptide sequence is altered by this mutation, 
or in other cases, the sequence of the polypeptide is unchanged by one or more 
mutations in the encoding polynucleotide. 

When it is desirable to alter the amino acid sequence of a polypeptide to create 
an equivalent, or even an improved, second-generation molecule, the amino acid 
changes may be achieved by changing one or more of the codons of the encoding 
DNA sequence, according to Table L 

For example, certain amino acids may be substituted for other amino acids in a 
protein structure without appreciable loss of interactive binding capacity with 
structures such as, for example, antigen-binding regions of antibodies or binding sites 
on substrate molecules. Since it is the interactive capacity and nature of a protein that 
defines that protein's biological functional activity, certain amino acid sequence 
substitutions can be made in a protein sequence, and, of course, its underlying DNA 
coding sequence, and nevertheless obtain a protein with like properties; It is thus 
contemplated by the inventors that various changes may be made in the 
polynucleotide sequences disclosed herein, without appreciable loss of their biological 
utility or activity. 
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Amino Acids 



Table 1 
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Arginine 
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In making such changes, the hydropathic index of amino acids may be 
considered. The importance of the hydropathic amino acid index in conferring 
interactive biologic function on a protein is generally understood in the art (Kyte and 
Doolittle, 1982, incorporate herein by reference). It is accepted that the relative 
hydropathic character of the amino acid contributes to the secondary structure of the 
resultant protein, which in turn defines the interaction of the protein with other 
molecules, for example, enzymes, substrates, receptors, DNA, antibodies, antigens, 
and the like. Each amino acid has been assigned a hydropathic index on the basis of 
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their hydrophobicity and charge characteristics (Kyte and Doolittle, 1982), these are: 
isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine 
(+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine 
(-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate 
5 (-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and 
arginine (-4.5). 

It is known in the art that certain amino acids may be substituted by other 
amino acids having a similar hydropathic index or score and still result in a protein 
with similar biological activity, le. still obtain a biological functionally equivalent 

10 protein. In making such changes, the substitution of amino acids whose hydropathic 
indices are within +2 is preferred, those that are within ±1 are particularly preferred, 
and those within ±0.5 are even more particularly preferred. It is also understood in the 
art that the substitution of like amino acids can be made effectively on the basis of 
hydrophilicity. U. S. Patent 4,554,101, incorporated herein by reference, states that 

15 the greatest local average hydrophilicity of a protein, as governed by the 
hydrophilicity of its adjacent amino acids, correlates with a biological property of the 
protein. 

As detailed in U. S. Patent 4,554,101, the following hydrophilicity values have 
been assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 ± 

20 1); glutamate (+3.0 ± 1); serine (+0.3); asparagine (+02); glutamine (+0.2); glycine 
(0); threonine (-0.4); proline (-0.5 ± 1); alanine (-0.5); histidine (-0.5); cysteine 
(-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine 
(-2.3); phenylalanine (-2.5); tryptophan (-3.4). It is understood that an amino acid 
can be substituted for another having a similar hydrophilicity value and still obtain a 

25 biologically equivalent, and in particular, an immunologically equivalent protein. In 
such changes, the substitution of amino acids whose hydrophilicity values are within 
+2 is preferred, those that are within ±1 are particularly preferred, and those within 
±0.5 are even more particularly preferred. 

As outlined above, amino acid substitutions are generally therefore based on 

30 the relative similarity of the amino acid side-chain substituents, for example, their 

40 



WO 00/17377 



PCT/US99/22052 



hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions 
which take several of the foregoing characteristics into consideration are well known 
to those of skill in the art and include: arginine and lysine; glutamate and aspartate; 
serine and threonine; glutamine and asparagine; and valine, leucine and isoleucine. 

5 

5.0 Examples 

The following examples are included to demonstrate preferred embodiments 
of the invention. It should be appreciated by those of skill in the art that the 
techniques disclosed in the examples which follow represent techniques discovered by 
10 the inventors to function well in the practice of the invention, and thus can be 
considered to constitute preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate that many changes can be 
made in the specific embodiments which are disclosed and still obtain a like or similar 
result without departing from the spirit and scope of the invention. 

15 

5.1 Example 1 - Materials and Methods 

Abbreviations used include: AAV, Adeno-associated virus; Ad, Adenovirus; 
HSV-1, Herpes simplex virus- 1; MOI, multiplicity of infection; pfu, plaque-forming 
units; wt, wild type. 

20 

5.L1 Cell Lines 

HeLa cells were maintained in Dulbecco's modified Eagle's media (DMEM, 
Gibco-BRL, Grand Island, NY) that contained 10% heat inactivated fetal calf serum 
(FCS). Vero cells were maintained in DMEM which contained 5% FCS. Hie V27 

25 cell line, a neomycin resistant Vero cell line capable of expressing ICP27, was 
maintained in DMEM which contained 10% FCS and has already been described 
(Rice and Knipe, 1990). All 293 cell lines were maintained in DMEM which 
contained 10% FCS. Cells were cultured at 37°C in 5% C0 2 . 

The UF2-293 cell line was generated by transfection of a 10 cm dish of 293 

30 cells (from ATCC) with 10 fig of pUF2 DNA (Zolotukhin etaL, 1996). The cells 
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were then passaged in 600 ^g/ml G41 8 (Gibco-BRL) for three weeks. Surviving cells 
were then sorted using fluorescence-activated cell sorting (FACS), utilizing the 
adsorption and emission spectrum of the humanized green fluorescent protein (hGFP) 
to isolate high expressing cells (Zolotukhin et a/., 1996). Cells were considered high 
expressors when on adsorption of light of 395 nm wavelength, emitted light of 
509 nm wavelength at an intensity 125 times greater than the emission of similarly 
stimulated, non-transfected 293 cells. The high expressors were maintained in G418 
at 600 ng/ml. 

The GFP-92 cell line was created by infecting 293 cells with rAAV-UF2. 
Cells were passaged in 200 jig G418 for two weeks and screened for GFP 
fluorescence. Colonies were isolated and analyzed by PCR™, as described below, for 
their ability to produce rAAV when transfected with pIM45 DNA and superinfected 
with adenovirus (Ad5). A producer cell line was identified and single clones were 
again isolated and analyzed for their ability to produce rAAV. 

5.1.2 Plasmids 

The plasmids pUF2, psub201, pIM45 and pRS5 have been previously 
described (Flotte etal, 1995; Pereira etal, 1997; Samulski etal., 1987; Zolotukhin 
etal, 1996). pUF2 is a bicistronic vector containing the human cytomegalovirus 
(HCMV) major immediate early (MIE) enhancer driving humanized green fluorescent 
protein Qigfp) and the HSV-1 thymidine kinase promoter driving a neomycin resistant 
gene inserted between AAV-2 ITRs. pRS5 and pIM45 are helper plasmids that 
supply Rep and Cap for generating rAAV. pAAV2 is a pKS based vector containing 
the AAV-2 genome. pAAV-lacZ is a HCMV MIE driven lacZ reporter construct 
inserted between AAV-2 ITRs. 

pHSV-RC was used to generate the HSV-1 amplicons HSV-RC/KOS and 
HSV-RC/d27 and is a pUC19-derived vector (FIG. 1). The a-sequence contains the 
HSV-1 packaging signals and was cloned into the EcdSl site of pUC19. The oriS 
sequence contains an HSV-1 origin of replication (the internal Smal fragment from 
the HSV-1 ori S) and was inserted at Smal to generate pHSV. To create pHSV-RC, 



42 



WO 00/17377 



PCT/US99/22052 



the rep and cap genes from AAV-2 were isolated from psub201 by an Xbal digest and 
cloned onto the Xbal site of pHSV (FIG. 1). 

pHSV-gfp was constructed from pHSV and pl.l-gfp (a vector expressing the 
green fluorescent protein (GFP). pl.l-gfp was Notl digested and Klenow blunted 
5 This fragment was then cloned into the Sphl digested and T4 polymerase blunted 
pHSV to create pHSV-gfp. p43-hgfp is based on the pUF2 vector. The expression 
cassette from pCI (isolated by a BamHl - BglU digest) was cloned between the ITRs 
of BglU digested pUF2 to create p43. The hgfp cDNA was isolated from pUF2 by a 
Notl digest and then cloned into the Notl site of the p43 to create p43-hgfp. pCI-hgfp 
10 was created by cloning hgfp into the Notl site of pCI. The 115 base pair deletion 
vector pCI-hgfpd was created by PflAdl and PvuU digestion of pCI-hgfp, followed by 
T4 polymerase blunting of the overhanging ends, and then self-ligation of the vector. 

5.13 Transfection 

15 Transfections for the rescue of rAAV genomes from pAA V-/acZ were 

performed using Lipofectamine (Gibco-BRL), following the manufacturer's protocol 
24 h after seeding 2 x 10 5 HeLa cells onto 6 well plates. The UF2-293 cell line was 
generated by plating 1 x 10 6 293 cells onto a 10-cm dish followed by transfection with 
10 \ig of pUF2. This transfection was done by precipitation of plasmid DNA with 

20 CaCl 2 in 2x N^-bis(2-hydroxyethyl>2-aininoethane-sulfonic acid (BES), (25mM, 
pH 6.95). The transfected cells were incubated at 35°C, 3% CO2 overnight The 
transfected cells were rinsed once with phosphate buffered saline (PBS, pH 7.4) and 
grown in DMEM with 10% FCS. The GFP-92 cell line was created by seeding 
1 x 10 6 293 cells on a 10 cm plate followed by transfection with 10 pg of pUF2 DNA 

25 by CaCl 2 coprecipitation in HEPES buffered saline. To generate the first passage of 
the amplicons HSV-RC/KOS and HSV-GFP/KOS, 1 x 10 6 Vero cells were plated 
onto 10 cm dishes followed by transfection with 10 \ig of pHSV-RC and 10 \ig of 
HSV-1 (KOS) DNA or 10 \ig of pHSV-gft and 10 ng of HSV-1 (KOS) DNA by BES 
coprecipitation. To generate the first passage HSV-RC/d27, 1 x 10 6 V27 cells were 

30 plated onto 10 cm dishes and transfected 24 h later with 20 \ig of pHSV-RC DNA 
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using Lipofectamine. To produce rAAVXJF2 from the GFP-92 cells by transfection, 
2 x 10 6 cells were plated onto a 10 cm dish and transfected with 8 \ig of pRS5 DNA 
using Lipofectamine. 

5.1.4 Virus 

HSV-1 (wt KOS strain) was propagated by infecting Vero cells (90% 
confluent in T175 flasks) at a multiplicity of infection (MOI) of 0.1 per cell. 
Adsorption of virus was done for 45 min in reduced serum DMEM (2% FCS). After 
full cytopathic effect (CPE) was observed (usually 48 h post infection) the cell pellet 
was collected by centrifugation (1000 rpm for 10 min), then frozen and thawed 3 
times. Cell debris was removed by centrifugation (3000 ipm for 5 min). d27-l is an 
ICP27 deletion of HSV-1 (KOS strain) and has been previously described (Rice and 
Knipe, 1990). d27-l was propagated as described for HSV-1 except that the 
complementing cell line, V27, was used. Ad5 (from the American Type Culture 
Collection, Rockville, MD) was propagated by infecting 293 cells (90% confluent in 
15 cm dishes) at an MOI of 0.1 per cell. Ad5 was harvested as described for HSV-1 
after full CPE was observed (usually 72 to 96 h post infection). AAV-2 was 
propagated by coinfection of 293 cells with AAV-2 (MOI of 200 particles per cell) 
and Ad5 (MOI of 0.1). AAV-2 viral ly sates were prepared by freeze-thaw, and the 
Ad5 was heat inactivated by incubation at 55°C for 45 min. HSV-1 (wt KOS) was 
titered by plaque forming assay on Vero cells. d27-l was titered by plaque forming 
assay on V27 cells. Analysis of d27-l stocks for the presence of wt HSV-1 was done 
by plaque assay on non-complementing Vero cells (< 100 pfii/ml detected). Ad5 was 
titered by plaque forming assay on 293 cells. AAV-2 was titered for particles by dot 
blot analysis as described below for recombinant genomes in the amplicon stocks. 

HSV-RC/KOS was propagated by harvesting the cell pellet by centrifugation 
(1000 rpm for 10 min) after full CPE was observed in the transfected cells. The cell 
pellet was frozen and thawed three times and cell debris removed by centrifugation 
(3000 rpm for 5 min). One fourth of the virus was then used to infect Vero cells (90% 
confluent in T175 flasks) as previously described to generate the second passage of 
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HSV-RC/KOS. Qne fourth of the vims was used to infect Vero cells in T175 flasks to 
generate each successive passage. HSV-RC/d27 was generated by superinfection of 
the pHSV-RC transfected V27 cells with d27-l virus 36 h post transfection at an MOI 
of 2.5. The cell pellet was collected as previously described after full CPE was 
observed (72 h post infection). Successive passages of HS V-RC/d27 were generated 
as described for HSV-RC/KOS except that the complementing cell line, V27, was 
used. Fourth passage or greater amplicon stocks were used in the studies described. 

Each amplicon stock was titered for the presence of helper virus by a plaque- 
forming assay on the appropriate cell line (Vero cells for HSV-RC/KOS, V27 cells for 
HSV-RC/d27). The titers of HSV-1 in HSV-RC/KOS, in passages 2 through 6, varied 
between 1 x 10 8 and 3 x 10 -. The titer of d27-l in HSV-RC/d27, in passage 2 through 
5, varied between 1 x 10 7 and 3 x 10 7 pfii/ml. HSV-RC/d27 was analyzed for the 
presence of wt HSV-1 by plaque assay on non-complementing Vero cells (< 100 
pfu/ml detected). The titer of recombinant genomes (the rep and cap genome from 
pHSV-RC) in each amplicon stock was determined by dot blot analysis of the stocks. 
Aliquots of the virus were DNAsel treated for 2 h at 37°C in DNAsel buffer (final 
concentration lOmM Tris (pH 7.4), lOmM KC1, L5mM MgClJ and then proteinase K 
treated for 2 h at 55°C in proteinase K buffer (final concentration 10 mM Tris (pH 
7.4), 5mM EDTA, 0.5% SDS). 5 \d of 5N NaOH was then added to the samples and 
they were incubated at 65°C for 1 h. The samples were neutralized with 50 \x\ of 2N 
NHjOH and were then transferred using a vacuum apparatus to a nylon membrane that 
was first equilibrated with IN NI^OH for 1 h. The slots were then washed with 50 \x\ 
of 2N NH 4 OH. A standard curve of serial dilutions of HSV-1 was processed and 
applied to the membrane in an identical fashion. 

A standard curve of serial dilutions of pHSV-RC was denatured, neutralized 
and also applied to the membrane. The membrane was then incubated with 
prehybridization solution (1% SDS, 5 mg/ml nonfat dried milk, 0.05 mg/ml heparin, 
0.2 mg/ml denatured salmon sperm DNA, 60 mg/ml PEG 8000, 5x SSPE (750 mM 
NaCl, 50 mM Na^O^ 5 mM EDTA, and 10% fonnamide) for 4 h at 60°C. The 
membrane was hybridized overnight at 60°C in the prehybridization solution with 
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[a- 32 ?] dATP labeled, random primer generated probe. The probe was generated from 
a 2. 1 kb cap fragment isolated by Kpnl digestion of psub20 1 . After hybridization, the 
membrane was then washed twice in O.lx SSC and 0.1% SDS at 65°C for 45 min. 
The membrane was exposed to film for 24-48 h at -70°C. The titer of recombinant 
genomes varied between 3 x 10 7 to 7 x 10 7 recombinant genomes per ml for HSV- 
RC/KOS and 1 x 10 7 to 3 x 10 7 recombinant genomes per ml for HSV-RC/d27. The 
specificity of the probe for recombinant genomes and not HSV-1 genomes was 
confirmed by demonstrating that the HSV-1 standard curve did not produce a signal 
when the membrane was hybridized with probe for the recombinant genomes. To 
verify that the HSV-1 DNA did transfer, the membrane was stripped by washing the 
membrane with O.lx SSC and 0.1% SDS at 100°C and then rehybridized with an 
[a- 32 ?] dATP labeled oriS DNA probe. The membranes were then processed as 
described above. 

The packaging, purification and titering of rAAVlacZ has been described 
previously (Kessler etal., 1996). rAAVUF2 was prepared from six T175 flasks of 
UF2-293 cells. Flasks were infected with HSV-RC/KOS (MOI of the HSV-RC/KOS 
was 2 recombinant genomes per cell and 2.5 pfu of HSV-1 per cell) when the cells 
were 90% confluent (10 s cells). The total number of cells in the preparation was 
determined by counting the number of cells present on a similarly prepared flask 
using a hemocytometer. 48 h later (after full CPE), the cells were centrifuged for 
10 min at 1000 rpm. The cell pellet was then frozen and thawed three times and cell 
debris was removed by centrifugation at 3000 rpm for 10 min. The sample was heat 
inactivated for 1 h at 55°C and DNAsel treated for 1 h at 37°C in DNAse buffer. 
Virus was purified on an isopycnic CsCl gradient as described (Kessler etal, 1996). 
100 |il fractions were collected, the refractive index was determined for each fraction, 
and each fraction was then analyzed for the presence of rAAVUF2 by infecting HeLa 
cells in the presence of Ad5 and directly observing the cells by fluorescent 
microscopy for the presence of hGFP expression 36 h later. 2 x 10 s HeLa cells were 
plated onto 6 well dishes 24 h before coinfection with 1 jil of each CsCl fraction and 
Ad5 (MOI of 2). Positive fractions were pooled and dialyzed overnight against 4 1 of 
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10 mM Tris, 1 mM EDTA (pH 7.4). The presence of infectious rAAVUF2 was 
determined by replication assay as described below. No contaminating HSV-1 was 
detected in a Vero cell plaque assay with a sensitivity of detection greater than 
lOOpfu/ml. 

rAAVUF2 was prepared from GFP-92 cells by one of three methods. Thirty 
10 cm plates were seeded with 2 x 10 6 cells, and 24 h later the cells were either 
transfected with pRS5 as described above or infected with HSV-RC/d27 (MOI of the 
HSV-RC/d27 was one recombinant genome per cell and one pfu of d27-l per cell). 
The total cell number in each preparation was determined by counting the cells on 
identically seeded plates using a hemocytometer. For the transfection method, the 
transfection solution was removed 8 h later and Ad5 (MOI of 2.5) was added to the 
cells in DMEM with 10% FCS. One group of plates that was infected with HSV- 
RC/d27 was superinfected with wt HSV-1 (MOI of 1) 12 h later. The cells were 
collected after full CPE had developed and processed as described above. 

5.1.5 Replication Assays 

Rescue and replication of rAAV genomes from transfected plasmids, producer 
cell lines or infected rAAV particles was demonstrated by first seeding 2 x 10 5 HeLa 
cells onto 6 well plates or 1 x 10 6 HeLa cells onto 10 cm dishes. After 24 h, the cells 
were either mock transfected, mock infected, transfected with a rAAV plasmid, 
infected with AAV-2, infected with rAAV virus or a combination of these (as 
described in the brief description of the figures). After an additional 24 h, the cells 
were either mock infected, infected with HSV-1, infected with d27-l, or infected with 
one of the amplicons (as described in the brief description of the figures). Cells were 
harvested 36 h later and centrifuged for 5 min at 2000 rpm. Media was removed and 
small molecular weight DNA was isolated from the pellet by Hirt extraction (Hirt, 
1967). 10 ^ig of Hirt extracted DNA was loaded per lane on a 0.8% agarose gel and 
run for 12 h at 25V. DNA from the gel was transferred to a nylon membrane by 
Southern blotting. The nylon membrane was then prehybridized and hybridized and 
as described above. The different templates used to generate the [a- 32 ?] dATP labeled 
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probes were a 3.3-kb lacZ DNA fragment, a 4.4-kb AAV-2 DNA fragment, and a 
700-bp hgfp DNA fragment The membranes were stripped as described above and 
reprobed for the presence of replicating wt AAV genomes using an [a- 32 ?] dATP- 
labeled 2.1-kb cap fragment (isolated by Kpnl digestion of psub201). For the Dpn\ 
5 assay, 10 \xg of Hirt extracted DNA was extensively digested with Dpnl (100U) for 

24 h, ethanol precipitated and run on a 0.8% agarose gel for 12 h at 25V. 

5.1.6 PCR™ Assays 

Samples from clarified cell lysates (70 ^1 from 7 ml for detection of 

10 rAAVUF2 made from the cell line UF2-293 with HSV-RC/KOS, 2 nl from 3 ml for 
detection of rAAVUF2 made from the GFP-92 cell line with HSV-RC/d27, 100 ^1 
from 3 ml for wt AAV detection) were treated with SOU DNAsel for 2 h at 37°C in 
DNAsel buffer and then proteinase K digested in proteinase K buffer for 2 h at 55°C. 
The samples were then phenol and chloroform extracted and ethanol precipitated 

15 followed by centrifiigation at 14,000 rpm for 30 min at 4°C to pellet the DNA. The 
DNA pellet was rinsed once with 70% ethanol, then dried, and reconstituted in dH 2 0. 
An aliquot of this sample (1 pi from 20 \il for rAAVUF2 and 9 fjl of 10 pi for wt 
AAV) was used in the PCR™ reactions. PCR™ reactions were carried out in a 50-jil 
volume, and PCR™ products (15 pi) were analyzed on 2% agarose gels at 100V. For 

20 the quantitative-competitive PCR™ (QC-PCR™), the products were analyzed on 
2% agarose gels for 3 h at 50V. A Stratagene Eagle Eye™ detection system was used 
to record the images. 

The primers used to detect rAAVUF2 particles anneal to the coding region of 
hfgp and generate a 700 bp product The hgfp sense primer was 

25 5'-ATGAGCAAGGGCGAGGAACTGTTC-3' (SEQ ID NO:l). The hgfp antisense 
primer was 5 r -TCACTTGTACAGCTCGTCCATGCC-3' (SEQ ID NO:2). The 
positive control was 200 pg of p43-hgfp. The PCR™ conditions were: 4 min at 94°C; 

25 cycles of 60 seconds at 94°C, 30 seconds at 60°C, 60 seconds at 72°C; and then 
4minat72°C. 
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The primers used to detect the presence of wt AAV anneal to the ITR D 
sequence and to the cap coding sequence and generate a 370 bp product The D 
sequence primer was S'-CTCCATCACTAGGGGTTCC -3' (SEQ ID NO:3). The cap 
primer was S'-CTTCATCACACAGTACTCCACGGGO' (SEQ ID NO:4). The 
positive controls were serial dilutions of pAAV2. The PCR™ conditions were 
identical to those used with the hgfp primers except that 30 cycles were completed. 
Typically 10 fg of pAAV2 could be detected by PCR™ amplification after ethidium 
bromide staining. 

A particle count of rAAVUF2 was determined by QC- PCR™ and was based 
on the determination of the amount of rAAVUF2 template present in a sample 
through comparison with a known quantity of internal control standard. The internal 
control for the QC-PCR™ reactions, pCI-hgfpd, was identical to the hgfp sequence to 
which the primers annealed and amplified except that an internal deletion was made as 
described above. The hgfp primers generate a 585 bp product when pCI-hgfpd is used 
as the template. A constant amount of rAAVUF2 DNA was added to each QC-PCR™ 
reaction (1 jil) and the amount of internal control was varied to produce a standard 
curve (see brief description of the figures for exact amounts of pCI-hgfpd added to 
each reaction). The amount of rAAVUF2 template present was then determined by 
identifying the amount of internal control DNA that had to be added which would 
give full size and deleted PCR™ products of equal intensity after ethidium bromide 
staining. The number of single strand template genomes present (the number of 
particles) was then calculated. 

The PCR™ detection of rAAVUF2 particles does not give a false positive 
result under the conditions used. As a negative control for the specificity of the 
PCR™ analysis to detect actual rAAV particles and not residual DNA template from 
undigested cellular DNA, 1 x 10 8 GFP-92 cells were pelleted and reconstituted in 1ml 
of DMEM. The cells were then frozen and thawed three times. The cell debris was 
removed by centrifugation at 3000 rpm for 10 min and DMEM was added to the 
lysate so that the final volume was 1 ml. 100 \x\ of this sample was DNAsel and 
proteinase K treated, phenol and chloroform extracted, precipitated and reconstituted 
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in 20 jil dH 2 0. 5 (out of 20 \d) of the negative control did not give a detectable 
PCR™ product when the hgfp primers and PCR™ conditions that were used for all 
hgfp PCR™ reactions were employed for thirty amplification cycles. 

5 2 Example 2 - Construction of HSV-1 Amplicon Which Contains 
Rep, An HSV-1 Origin of Replication and HSV-1 Packaging 
The expression of Rep 78 or 68 has been shown to inhibit the replication of 
DNA viruses. Rep interacts with Ad and cellular DNA replication in viral replication 
centers and disrupts their subsequent formation and function (Weitzman et al. 9 1996a, 
1996b). Expression of the Rep protein also inhibits HSV-1 induced cellular DNA 
amplification and HSV-1 viral DNA replication itself (Heilbronn et al. 7 1990). 

It was considered possible that the expression of Rep interfered with HSV-1 
DNA replication to such an extent that creation of amplicon stocks of reasonable titer 
would not be possible. Similar problems were previously observed by multiple 
investigators attempting to create a recombinant Ad vector expressing Rep. 

To determine if an amplicon system that expressed Rep could be created, a 
plasmid that expresses Rep from the p5 and pl9 promoters was constructed, 
pHSV-RC (FIG. 1). When pHSV-RC was cotransfected with HSV-1 (KOS) DNA 
into Vero cells, it took 48 h longer for induction of full CPE than when HSV-1 DNA 
and pUC19 or when HSV-1 DNA and pHSV-gfp (a non-Rep expressing control 
amplicon plasmid) were transfected (7 days for full CPE vs. 5 days). In subsequent 
passages (P2-P6), no difference was seen in the time course of CPE for the different 
amplicon stocks (48 h for full CPE). Also, the titers of plaque forming HSV-1 and 
recombinant genomes in the different passages did not vary a great deal (HSV-1 titer 
varied from 1 x 10 8 to 3 x 10 8 pfu/ml, recombinant genome dot blot titer varied from 
3 x 10 7 to 7 x 10 7 genomes/ml. 
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53 Example 3 - Rescue and Replication of rAAV Genomes Is 

Supported by HSV-1 Amplicon Expressing Rep from the P5 and P19 
Promoters and Made with HSV-1 Helper Virus (HSV-RC/KOS) 
The HSV-1 amplicon had to be able to rescue and replicate rAAV genomes 
efficiently if the HSV-1 amplicon system expressing Rep and Cap were to be 
successful at packaging rAAV genomes into virions. Rescue and replication of rAAV 
genomes by HSV-RC/KOS requires the appropriate expression of Rep from the p5 
and pi 9 promoters, which are in a different genomic structural context than they are in 
the wt AAV genome. Additionally, expression of Rep from the amplicon genome has 
to be appropriately timed with HSV-1 early gene expression so that rAAV replication 
proceeds, as does wt AAV replication. 

The ability of HSV-RC/KOS to replicate rAAV genomes introduced into cells 
by infection of rAAV virions, by transfection as plasmids, or when maintained as 
proviral rAAV genomes integrated into cellular chromosomal DNA was analyzed. 

The ability of HSV-RC/KOS to replicate and amplify a rAAV genome 
(i AAV lacZ) after rAAV infection was examined HeLa cells (2 x 10 5 ) were seeded 
onto 6 well plates. After 24 h, the cultures were either mock infected, infected with 
tAAVlacZ (5 x 10 4 particles), AAV-2 (MOI of 1000 particles per cell) or both. The 
cells were infected with HSV-1 (KOS strain, MOI of 2), or HSV-RC/KOS (MOI of 
the HSV-RC/KOS was one recombinant genome per cell and 2 pfu of HSV-1 per cell) 
24 h later. The wells were scraped and the cells were collected and centrifuged (2000 
rpm, 5 min) after 36 h. Media was removed and the small molecular weight DNA in 
the pellet was isolated by Hirt extraction. Hirt extracted DNA (5 \ig) was loaded per 
lane on a 0.8% agarose gel and run for 12 h at 25V. DNA from the gel was 
transferred to Nylon membrane by Southern blotting, and probed with an 
[a- 32 P] dATP-labeled lacZ DNA probe or an [a^P] dATP-labeled psub201 DNA 
probe. 

In this assay, replicative intermediates of rAAV, the double stranded 
monomers (RF™), double stranded dimers (RFa), and higher molecular weight 
replicative forms, indicate successful replication. Positive replication was observed in 
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samples in which small molecular weight DNA was analyzed from cells coinfected 
with rAAV, AAV-2 and HSV-1 (positive control) or coinfected with rAAV and 
HSV-RC/KOS. Replicative forms of rAAV were not detectable in any of the other 
samples. 

5 These data illustrate that HSV-1 gene expression and Rep expression from an 

HSV-1 amplicon is temporally and quantitatively appropriate for the task of 
replicating rAAV genomes introduced into cells by viral infection. In addition, the 
intensity of the RF m and RF d in cells coinfected with rAAV and HSV-RC/KOS, as 
compared to cells coinfected with rAAV, AAV-2 and HSV-1, suggests that Rep 

10 expression from an amplicon in the presence of HSV-1 coinfection is capable of 
supporting rAAV replication at a higher level than AAV-2 and HSV-1 at similar 
multiplicities of infection. This may be due to the absence of replication competent 
AAV-2 in HSV-RC/KOS. Replication competent AAV-2 would successfully 
compete with rAAV for replication machinery and lead to a decrease in rAAV 

15 replication (Clark et a/., 1996). 

These results also demonstrate that wt AAV is not generated and amplified by 
an HSV-1 amplicon expressing Rep protein. The RF m and RF d of wt AAV were only 
observed in the samples in which Hirt extracted DNA was analyzed from cells 
coinfected with AAV-2 and HSV-1 and probed for rep and cap sequences. In 

20 addition, a 7-day exposure of the Southern blot did not reveal any replicative forms of 
wt AAV in any additional samples. Normally, replication of wt AAV replicative 
forms is observable after 48 h exposure of the Southern blot 

The ability of HSV-RC/KOS to rescue and replicate rAAV genomes from 
different rAAV templates was also evaluated These data indicate that HSV-RC/KOS 

25 was able to rescue and replicate rAAV genomes from transfected plasmids. HeLa 
cells were seeded onto 6 well plates (2 x 10 5 ). The cells were either mock transfected, 
transfected with 3 ^g of pAAV lacZ, or infected with rAAVlacZ (5 x 10 4 particles) 
24 hours later. The plasmid pAAVtocZ contains a HCMV ME driven lacZ 
expression cassette flanked by ITRs. The cells were either mock infected, infected 

30 with wt HSV-1 (MOI of 2) or infected with HSV-RC/KOS (MOI of the 
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HSV-RC/KOS was one recombinant genome per cell and 2 pfu of HSV-1 per cell) 
24 h later. Cells were collected 36 h later and centrifuged for 5 min at 2000 rpm. 
Media was removed and small molecular weight DNA was isolated from the pellet by 
Hirt extraction. Hiit extracted DNA (10 jig) was extensively digested with Dpnl 
5 (100 U) for 24 h. Dpnl does not digest newly replicated rAAV, which is not 
methylated after replication in eukaryotic cells. The DNA was then ethanol 
precipitated and analyzed on a 0.8% agarose gel for 12 h at 25V. DNA was 
transferred to a nylon membrane by Southern blotting. The membrane was hybridized 
with an [a- 32 P] dATP-labeled lacZ DNA probe and exposed to film for 24 h. 

10 The RF m and RFj were readily observed the positive control for rescue and 

replication of rAAV genomes. Rescue and replication of Dpnl resistant rAAV 
genomes from transfected plasmids was also observed where pAAVlacZ transfection 
was followed by HSV-RC/KOS superinfection. Replicative forms of rAAV were not 
observed in any of the other samples. 

1 5 HSV-RC/KOS was also proven to rescue and amplify pro viral rAAV genomes 

that were chromosomally integrated in the cell line UF2-293. Plates (10 cm) were 
seeded with 1.5 x 10 6 UF2-293 cells. The cells were mock infected, infected with 
HSV-1 (MOI of 2) or infected with HSV-RC/KOS (MOI of the HSV-RC/KOS was 
one recombinant genome per cell and 2 pfu of HSV-1 per cell) 24 h later. Plates were 

20 scraped 36 h post infection. Cells were centrifuged (5 min, 2000 rpm) and the media 
was discarded. Small molecular weight DNA was isolated from the pellet by Hirt 
extraction. Hirt extracted DNA (10 jig) was analyzed per well on a 0.8% agarose gel 
for 12 h at 25V. DNA was transferred to a nylon membrane by Southern blotting. 
The membrane was hybridized with an [a- 32 P] dATP-labeled hgfp DNA probe, and 

25 exposed to film for 24 hours. 

The replicating monomers and dimers indicative of rAAV rescue and 
replication were only seen in the sample containing Hirt extracted DNA from the 
UF2-293 cells infected with HSV-RC/KOS. Rescue of rAAV genomes from the 
UF2-293 cells was not due to latent wt AAV infection of the cells, which could 

30 supply Rep in trans. Replicative forms of rAAV were not observed in the sample in 
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which Hirt extracted DNA was analyzed from HSV-1 infected UF2-293 cells. If the 
UF2-293 cells were latently infected with wt AAV, rescue and replication of rAAV 
genomes would be observed in this sample. In addition, stripping of the membrane 
and reprobing for wt AAV implicative forms with an [a- 32 P] dATP-labeled cap probe 
did not reveal any wt AAV replicative forms after exposure of the Southern blot for 
7 days. HSV-RC/KOS was also able to rescue and replicate rAAV pro viral genomes 
from GFP-92 cells in a similar assay with similar controls for detecting the presence 
of wt AAV replication. 

5.4 Example 4 - HSV-RC/KOS Successfully Replicates and 
Packages rAAV At Low Efficiency 

To determine if HSV-RC/KOS could replicate and package rAAV particles, 
and measure the efficiency of the process, the particle titers of rAAVUF2 were 
determined by QC-PCR™ of the rAAVUF2 prepared from UF2-293 cells using 
HSV-RC/KOS. UF2-293 cells (1 x 10 8 ) were infected with HSV-RC/KOS. After full 
CPE occurred, the cell pellet was harvested, then frozen and thawed three times. The 
cell lysate was then clarified and an aliquot (1/1 00th of the volume of the cell lysate) 
was treated with DNAsel and proteinase K, phenol and chloroform extracted and 
precipitated in ethanol. Aliquots (1 jil) of the reconstituted DNA pellet (l/20th of the 
volume) were then analyzed by QC-PCR™. 

For the controls, either no DNA template, 100 pg p43-hgfp, 1 \d of rAAVUF2 
DNA, or 50 pg of pCI-hgfpd was added to the reaction mixture. For the QC-PCR™ 
reactions of viral template and various amounts of internal control DNA template 
(pCI-hgfpd) were added to each PCR™ reaction. The amount of internal control 
template was 5pg, Ipg, 500fg, lOOfg, or 20 fg. A 1-kb marker was run on the gel as a 
molecular weight standard. 

The number of particles produced per cell was 2.3 +/- 0.3. The number of 
rAAVUF2 particles produced per cell was 100 fold lower than the number of particles 
usually produced per cell by transfection methods employing adenovirus 
superinfection. 
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5*5 Example 5 - HSV-1 Amplicon Expressing Rep and Cap from the P5 
and P19 Promoters and Made with D27-1 Helper Virus 
(HSV-RC/D27) Supports Rescue and Repucation of rAAV Genomes 
The efficient replication of rAAV genomes in a lytic cycle by HSV-RC/KOS 
is clearly shown, as described above. Packaging of rAAV genomes by HSV-RC/KOS 
is extremely inefficient, however. The initial choice of wt HSV-1 as helper virus to 
generate HSV-RC/KOS was made because it can supply the necessary functions 
(early gene expression) required for wt AAV production. Unfortunately, HSV-1 
induces CPE in infected cells much more rapidly than a similar infection with Ad. 
The rapid time course of host cell death probably limits the amount of rAAV that can 
be produced from each cell. Full CPE of host cells was consistently observed within 
36 to 48 h after infection with HSV-1 compared to 72 to 96 h after adenoviral 
infection at the same MOIs. The rapidity of CPE after HSV-1 infection is due, in part, 
to the toxicity of the HSV-1 immediate early gene products, which are expressed 
within two h after infection and quickly alter the host cell's macromolecular synthesis 
machinery (Johnson et aL 9 1992a; Johnson et aL, 1994). Host cell transcription, RNA 
splicing and protein synthesis are all perturbed by immediate early gene products of 
HSV-1 and contribute to the rapid CPE (Johnson et al y 1992a; Johnson etal. 9 1994). 

An additional possible reason for the inefficiency of rAAV particle production 
by HSV-RC/KOS is the inhibition of host cell mRNA splicing by ICP27 
(Sandri-Goldin and Mendoza, 1992). ICP27 expression would also interfere with the 
appropriate splicing of the AAV late p40 transcripts, which encode Cap. Decreased 
synthesis of Cap message in turn would limit the production of rAAV. 

In order to increase the yield of rAAV produced per cell, a Rep and Cap 
expressing amplicon was made using the defective HSV-1 virus, d27-l. The virus 
d27-l has a deletion in ICP27. Although the other immediate early proteins are 
expressed in d27-l and the vector induces CPE, ICP27 itself is toxic to cells and 
therefore elimination of ICP27 was expected to reduce toxicity of the defective vector 
compared to HSV-1 (Johnson et al 9 1994). The ICP27 protein is also implicated in 
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the inhibition of mRNA splicing, and the d27-l strain should permit more efficient 
and accurate splicing of the late p40 transcripts encoding Cap and increase rAAV 
particle yield per cell. In addition, ICP 27 is involved in the down regulation of 
HSV-1 early gene expression. ICP27 mutants overexpress the early gene products of 
5 HSV-1, such as ICP8, and it is these early gene products that are essential for wt AAV 
productive infection (McCarthy etal., 1989; Rice and Knipe, 1990; Weindler and 
Heilbronn, 1991). Overexpression of early gene products may result in an increase in 
the yield of rAAV particles produced. 

To determine if an HSV-1 amplicon expressing Rep and Cap and made with 

10 d27-l helper virus could support replication and packaging of rAAV particles, 
HSV-RC/d27 was produced and tested in a replication assay. Dishes were seeded 
with 2 x 10 5 GFP-92 cells per well. After 24 h the cells were mock infected, infected 
with wt HSV-1 (MOI of 1), infected with d27-l (MOI of 1), infected with 
HSV-RCAI27 (MOI of the HSV-RC/d27 was 1 recombinant genome per cell and 

15 1 pfu of d27-l per cell), or infected with HSV-RC/d27 (MOI of the HSV-RC/d27 was 
one recombinant genome per cell and one pfu of d27-l per cell) and 12 h later 
superinfected with HSV-1 (MOI of 1). Plates were scraped 36 h post infection. Cells 
were centrifuged (5 min, 2000 rpm) and the media was discarded. Small molecular 
weight DNA was isolated from the pellet by Hirt extraction. Hirt extracted DNA 

20 (10 \ig) was analyzed per well on a 0.8% agarose gel for 12 h at 25V. DNA was 
transferred to a nylon membrane by Southern blotting. The membrane was hybridized 
with an [a- 32 P] dATP-labeled hgfp DNA probe, and exposed to film for 24 hours. 

The capability of HS V-RC/d27, alone, to rescue and replicate chromosomally 
integrated rAAV pro virus from the cell line GFP-92 was demonstrated. Coordinated 

25 expression of Rep from the amplicon and early genes from d27-l allows replication of 
rAAV. Wild type levels of HSV-1 DNA synthesis and HSV-1 late gene expression 
are clearly not required for rAAV replication, in agreement with previous reports 
(Weindler and Heilbronn, 1991). Addition of HSV-1, which would provide ICP27 
and allow HSV-1 DNA replication and expression of late genes to occur, does 

30 increases the amount of rAAV DNA replication. 
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To analyze if HSV-RC/d27 was sufficient not only to replicate but also to 
package rAAV in the absence of wt levels of HSV-1 DNA synthesis and late gene 
expression, the ability of the HSV-RC/d27 amplicon to generate rAAVUF2 DNAsel 
resistant particles from the cell line GFP-92 was studied. GFP-92 cells (2 x 10 s ) were 
plated onto 6 well dishes. After 24 h, the cells were either not infected nor 
transfected, infected with Ad5 (MOI of 2), HSV-1, (MOI of 1), d27-l (MOI of 1), 
HSV-RC/d27 (MOI of the HSV-RC/d27 was one recombinant genome per cell and 
one pfu of d27-l per cell), or transfected with pRS5 DNA (which supplies Rep and 
Cap; 2jag) and superinfected with Ad5 eight h later (MOI of 2). The cells were 
scraped and pelleted after full CPE was observed. The cell pellet was then frozen and 
thawed three times in 100 \xl DMEM and clarified. An aliquot of the clarified lysate 
(10 was then DNAsel and proteinase K treated, phenol and chloroform extracted 
and ethanol precipitated. The DNA was pelleted and reconstituted in 20 |il dH 2 0. An 
aliquot (2 jil) was then added to 50 \il PCR™ reactions. Aliquots of the PCR™ 
products (15 were analyzed on a 2% agarose gel at 100V for 30 min. For the 
controls, either no DNA template or 200 pg p43-hgfp was added to the PCR™ 
reaction. A 1-kb marker was run on the gel as a molecular weight standard. 

HSV-RC/d27, alone, was sufficient to produce DNAsel resistant, PCR™ 
detectable rAAV genomes from rAAVUF2 particles. These data support the report 
that neither HSV-1 DNA synthesis, nor late gene expression, is necessary for efficient 
AAV-2 particle production (Weindler and Heilbronn, 1991). 

The CMV92gfp cell line was not latently infected with wt AAV as 
demonstrated by the absence of RF m and RF d in the study described above. If GFP-92 
cells were latently infected with wt AAV, replication of rAAV genomes would have 
occurred when the cells were infected with HSV-1 or d27-l alone. In addition, 
replicative forms of wt AAV were not detected when the membrane was stripped and 
probed for wt AAV sequences with an [ct- 32 P] dATP-labeled cap DNA probe after a 
7 day exposure. In addition, no PCR™ detectable rAAV genomes were present after 
the cells were infected with any of the control viruses (Ad5, HSV-1 or d27-l). 
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5.6 Example 6 - HSV-RC/D27 Replicates And Packages rAAV 
As Efficiently As Standard Methods 

To determine if HSV-RC/d27 could package rAAV as efficiently as 
transfection methods, larger scale production of rAAVUF2 was attempted. GFP-92 
cells (at 60% confluency) were either transfected with pRS5 (and then superinfected 
with Ad5), or infected with HSV-RC/d27 (with and without superinfection with 
HSV-1). 6 x 10 7 GFP-92 cells were in each preparation. After full CPE occurred, the 
cell pellet was harvested, frozen, and thawed three times. The cell lysate was then 
clarified and an aliquot (1/1 500th of the volume of the cell lysate) was treated with 
DNAsel and proteinase K, phenol and chloroform extracted and precipitated in 
ethanoL 

Aliquots of the reconstituted DNA pellet (1 ^d, l/20th of the total volume) 
were then analyzed by QC-PCR™ to determine the number of particles produced per 
cell by each of the methods. For the controls, either no DNA template, lOOpg 
p43-hgfp, 1 \xl of EAAVUF2 DNA, or 50 pg of pCI-hgfpd was added to the reaction 
mixture. For the QC-PCR™ reactions ljd of viral template and various amounts of 
internal control DNA template (pCI-hgfpd) were added to each PCR™ reaction. The 
amount of internal control template was 100 pg, 25 pg, 5 pg, 1 pg, or 200 fg. A 1 kb 
marker was run on the gel as a molecular weight standard. 

The particle production for the various methods from two independent 
preparations of amplicons is listed in Table 2. The data indicate that HSV-RC/d27 is 
almost as effective as transfection methods at producing rAAV. The yield of rAAV 
can be further increased by the addition of HSV-1 to the amplicon HSV-RC/d27 for 
the final 24 h of cell growth. The studies were done at 60% cellular confluence 24 h 
after seeding to maximize transfection efficiency. Cell confluency can likely be 
increased to 90%, as would be done during rAAV production with these amplicons, 
without affecting the yield per cell, thereby improving overall yield and reducing cost 
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T ABLE 2 

Efficiency of rAAV Production 



Preparation 1 Preparation 2 



Method 


Total Cells 


Total 


Particles/ 


Total 


Particles/ 






Particles 


Cell 


Particles 


Cell 


Transfection 


6.5xl0 7 


2.4xl0 10 


400 


9-OxlO 9 


150 


HSV-RC/d27 


6.5xl0 7 


9.0xl0 9 


150 


1.2xl0 10 


200 


HSV-RC/d27+HSV-l 


6.5xl0 7 


l^xlO 10 


200 


3.0x10'° 


500 



5.7 Example 7 - RAAVUF2 Generated by a Rep-and Cap-Expressing 
5 Amplicon is Infectious 

The rAAVUF2 virus prepared from the amplicon system was heat inactivated 
and purified on an isopycnic CsCl gradient and analyzed for its ability to transduce 
cells as measured by replication competence following transduction of HeLa cells. 

rAAVUF2 was prepared from 6 confluent T175 flasks of UF2-293 cells 

10 (10 8 cells). Flasks were infected with HSV-RC/KOS (MOI of the HSV-RC/KOS was 
2 recombinant genomes per cell and 2.5 pfu of wt HSV-1 per cell). After 48 h, 
rAAVUF2 was collected, heat inactivated for 1 h at 55°C and CsCl gradient purified 
as described. The purified rAAVUF2 (5 x 10 5 particles) were added to 2 x 10 5 HeLa 
cells seeded into 6 well plates 24 h earlier or the cells were mock infected. The cells 

15 were then either mock infected, infected with HSV-1 (MOI of 2.5), or infected with 
HSV-RC/KOS (MOI of the HSV-RC/KOS was 2 recombinant genomes per cell and 
2.5 pfu of HSV-1 per cell) 24 h later. Cells were scraped 36 h later and pelleted by 
centrifugation (2000 rpm, 5 min). Small molecular weight DNA was isolated by Hirt 
extraction. Hirt extracted DNA (10 \xg) was analyzed per on a 0.8% agarose gel for 

20 12 h at 25V. DNA was transferred to a nylon membrane by Southern blotting. The 
membrane was probed with an [a- 32 ?] dATP-labeled hgfp DNA probe, and exposed to 
film for 24 hours. 

The implicative forms indicative of infectious rAAV were produced after the 
cells transduced with rAAVUF2 were superinfected with HSV-RC/KOS. The RF m 
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and RFd were probably not due to transduction of the cells with a recombinant HSV 
vector that was generated through a recombination event of the amplicon or HSV-1 
helper virus with the proviral rAAVUF2. A recombinant HSV-1 vector would not be 
infectious after prolonged heat inactivation and purification on a CsCl gradient 

5 

5.8 Example 8 - HSV-RC/D27 Does Not Generate Wiu>-Type AAV 
During the Production of rAAV 

A PCR™ assay was used to detect the generation of wt AAV during 
production of rAAV using the HSV-1 amplicons. Primers that anneal to the 

10 D sequence and cap sequence of AAV-2 only produce a product after PCR™ 
amplification if wt AAV is present An aliquot of the clarified cell lysate from 
GFP-92 cells infected with HSV-RC/d27 or HSV-RC/d27+wt HSV-1 (l/30th of the 
volume of the cell lysate, preparations one and two) was treated with DNAsel and 
proteinase K, phenol and chloroform extracted and precipitated in ethanol. Aliquots 

15 of the reconstituted DNA pellet (9 pi, 90% of the total volume) were then analyzed for 
the presence of wt AAV. 

As a control, DNA template was not added to one of the PCR™ reactions. A 
standard curve of 1 pg, 100 fg and 10 fg of pAAV2 DNA was added to three of the 
PCR™ reactions. Aliquots from the PCR™ reaction using DNA from preparation 

20 (prep) 1, HSV-RC/d27; prep 1, HSV-RC/d27 + HSV-1; prep 2, HSV-RC/d27 and 
prep 2, HSV-RC/d27 + HSV-1 were analyzed. A 123 bp DNA ladder was run on the 
gel as a molecular weight standard. The other l|il from the DNA samples was 
analyzed for the presence of rAAVUF2 DNA using the hgfp primers to assure that 
DNA was present in the samples. 

25 No product was detected in any of the preparations except the positive pAAV2 

controls. A sensitivity of detection of 10 fg of pAAV2 in the PCR™ assay indicates 
that there is less that 1 wt AAV particle per 2 x 10 6 rAAV particles. In addition, the 
Southern blots described above were stripped and reprobed for the replicating forms 
of wt AAV using an [a- 3 *?] dATP labeled cap DNA probe. After exposure for 

30 7 days, no replicative intermediates of wt AAV were observed on any of the blots. 

60 



WO 00/17377 



PCT/US99V22052. 



5.9 Example 9 - Production of rAAV Using a Recombinant Herpes 
Simplex Virus Type I Vector 

The vector d27.1-rc can efficiently produce rAAV from transfected 293 cells. 
293 cells were transfected with AAV-GFP pro viral plasmid. Approximately 3 x 10 7 
cells were present in each experimental group. 24 h after transection the cells were 
superinfected with different MOIs of d27.1-rc. 36 h post infection, a cell lysate was 
Recombinant adeno-associated virus type 2 vectors (rAAV) have been extremely 
successful vectors for in vivo gene transfer. These vectors have produced long term, 
high-level gene expression of therapeutic proteins in immunocompetent animal 
models. For example, sustained production of erythropoietin from skeletal muscle 
after rAAV transduction has been achieved in mice (Kessler etal., 1996). 
Therapeutic levels of Factor EX have been produced after rAAV gene transfer to the 
liver and skeletal muscle (Herzog et al, 1997; Koeberl et al, 1997; Nakai et al 9 1998; 
Monahan etal, 1998). Levels of therapeutic protein production have reached up to 
800 jig/ml in mice treated intramuscularly with AAV vectors expressing alpha- 1 
antitrypsin (Song et aL> 1 998). Recombinant AAV vectors have been used effectively 
in the central nervous system (Kaplitte/o/., 1994; Peel et al, 1997; Xiao et al, 1997). 
In addition, rAAV has been used in human clinical trials to transfer the CFTR gene 
(Flotte and Carter, 1998). 

Production of sufficient quantities of high-titer rAAV needed for effectiveness 
in vivo has been difficult to achieve, however. The process requires the efficient 
cellular delivery of the proviral construct to be packaged as rAAV, the AAV-2 rep 
and cap genes, as well as specific helper virus functions (Muzyczka, 1992). The 
proviral construct to be packaged contains the cDNA expression cassette flanked by 
AAV-2 inverted terminal repeats (ITRs). The ITRs are the cis acting viral DN A 
sequences required to direct replication and packaging of the rAAV vector (Samulski 
etal, 1983; Hennonat and Muzyczka, 1984). AAV-2 rep and cap genes encode the 
four Rep proteins (Rep 78, 68, 52 and 40) involved in viral DNA replication, 
resolution of implicative intermediates and generation of single-strand genomes and 
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the three structural genes (VP1, VP2 and VP3) that make up the viral capsid (Berns, 
1984; Chejanovsky and Carter, 1989; Samulski etal, 1987). Usually, the proviral 
rAAV and the rep and cap genes are introduced into cells by plasmid transfection. 
Replication and packaging of rAAV then occurs after expression of specific genes 
5 from a helper virus such as adenovirus (Ad) (Berns, 1984; Carter, 1990; Huang and 
Hearing, 1989; Samulski and Shenk, 1988; Xiao etal, 1998). Traditionally, Ad 
infection is used to provide helper virus functions (Muzyczka, 1992). In the case of 
Ad, the specific helper functions have been identified as the Ela, Elb, E2a, E4orf6 
and Va RNA genes. These Ad genes encode proteins or RNA transcripts which are 

10 transcriptional regulators, and are involved in DNA replication or modify the cellular 
environment in order to permit efficient viral production (Berns, 1984; Carter, 1990; 
Huang and Hearing, 1989; Samulski and Shenk, 1988; Xiao et al t 1998). 

Recent improvements in rAAV packaging technology have made production 
of high-titer rAAV more feasible. One significant advancement has been the 

15 development of an Ad free method for rAAV production (Xiao etal., 1998; 
Matsushita et cd., 1998). This method is based on transfection of a plasmid encoding 
the Ad helper functions required for the production of rAAV. Other improvements 
have included the generation of rep inducible cell lines, translational control of Rep 
production and increasing Cap expression by driving cap transcription with a strong 

20 heterologous promoter (Clark etal, 1995; Vincent etal, 1997b; Li etal. 1997). 
These improved methods still possess limitations, however. The rep inducible cell 
lines do not produce rAAV more efficiently than traditional methods. Translational 
and transcriptional control of Rep and Cap production do not increase the efficiency 
of rAAV production more than ten fold (Vincent et al, 1997b; Li et al. 1997). The 

25 Ad free method requires successful transfection on a large scale that is not easily 
achieved. 

While Ad is an efficient helper virus for rAAV production, little consideration 
has been given to other helper viruses for AAV-2 replication and packaging. Herpes 
simplex virus type 1 (HSV-1) is also a fully competent helper virus of AAV-2 (Rose 
30 and Koczot, 1972; Buller, 1981; Mishra and Rose, 1990; Weindler and Heilbronn, 
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1991). The minimal set of HSV-1 genes required for AAV-2 replication and 
packaging has been identified as the early genes UL5, UL8, UL52 and UL29 
(Weindler and Heilbronn, 1991). These genes encode components of the HSV-1 core 
replication machinery- die helicase, primase and primase accessory proteins and the 
5 single-stranded-DNA binding protein (reviewed in (Knipe, 1989; Weller, 1991). 

Recombinant adeno-associated virus type 2 (rAAV) vectors have recently been 
used to achieve long-term, high level transduction in vivo. Further development of 
rAAV vectors for clinical use requires significant technological improvements in 
large-scale vector production. In order to facilitate the production of rAAV vectors, a 

10 recombinant herpes simplex virus type I vector (rHSV-1) which does not produce 
ICP27, has been engineered to express the AAV-2 rep and cap genes. ICP27 is 
required for HSV-1 replication. Although d27J-rc is replication defective, it does 
express the HSV-1 early genes required for rAAV replication and packaging 
(Weindler and Heilbronn, 1 99 1 ; Rice and Knipe, 1 990). 

15 The vector d27.1-rc has been found to be as efficient at producing rAAV as 

Ad free methods and obviates the need for large-scale transfection protocols. In 
addition, the rHSV-1 vector is 100 times more efficient at producing rAAV than the 
amplicon system based on the HSV-1 helper functions described above. The optimal 
dose of this vector, d27.1-rc, for AAV production has been determined and results in 

20 a yield of 380 expression units (eu) of AAV-GFP produced from 293 cells following 
transfection with AAV-GFP plasmid DNA. In addition, d27.1-rc was also efficient at 
producing rAAV from cell lines that have an integrated AAV-GFP pro virus. Up to 
480 eu/cell of AAV-GFP could be produced from the cell line GFP-92, a proviral, 293 
derived cell line. Effective amplification of rAAV vectors introduced into 293 cells 

25 by infection was also demonstrated. Passage of rAAV with d27. 1-rc results in up to 
200-fold amplification of AAV-GFP with each passage after coinfection of the 
vectors. Efficient, large-scale production (>10* cells) of AAV-GFP from a proviral 
cell line was also achieved and these stocks were free of replication competent AAV. 
The described rHSV-1 vector provides a novel, simple and flexible way to introduce 

30 the AAV-2 rep and cap genes and helper virus functions required to produce high-titer 
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rAAV preparations from any rAAV pro viral construct The efficiency and potential 
for scalable delivery of d27.1-rc to producer cell cultures should facilitate the 
production of sufficient quantities of rAAV vectors for clinical application. 

5 9.1 Methods 

9.1.1 Plasmids 

The plasmid pTR-UF5 is an AAV-GFP proviral construct with AAV-2 ITRs 
flanking both an eGFP and a neomycin resistance gene (neo) expression cassette. 
Expression of GFP is driven by the human CMV promoter. The neo gene is 

10 expressed from the HSV-1 tk promoter. The plasmid pSub201 contains the AAV-2 
rep and cap genes (Samulski et aL, 1987). The plasmid pHSV-106 is a pBR derived 
plasmid into which the BamHl fragment of HSV-1 (17+ stain) containing the 
thymidine kinase (tk) gene was cloned. The plasmid pHSV-106-focZ was constructed 
by cloning a lacZ expression cassette into the Kpnl restriction site of pHSV-106 

15 interrupting the tk gene. The plasmid pHSV-106-rc has the AAV-2 rep and cap genes 
from pSub201 cloned into the Kpnl site of pHSV-106. 

9.1.2 Cell Lines 

The 293 and Vero cell lines were obtained from American Type Culture 
20 Collection. The V27 cell line is a Vero derived cell line that expresses the HSV-1 
ICP27 protein (Rice and Knipe, 1990). The C12 cell line is a HeLa derived cell line 
with inducible AAV-2 rep gene expression (Clark et aL, 1995). The GFP-92 cell line 
was created by infecting 293 cells with AAV-GFP, as described herein. In AAV- 
GFP, expression of GFP is driven by the human CMV promoter and the neo gene is 
25 expressed from the HSV-1 tk promoter. All cell lines were maintained in Dulbecco's 
modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS). 

9.13 HSV-1 Viruses 

The virus d27. 1 is an ICP27 deletion mutant (Kos strain), which is propagated 
30 on the complementing cell line, V27 (Rice and Knipe 1990). The virus d27J-rc was 
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constructed by first creating the lacZ expressing virus d27. 1-lacZ. This 
P-galactosidase expressing vector was created by traditional techniques involving 
cotransfection of d27A infected cell DNA and the integrating plasmid, pHSV-106- 
lacZ (linearized by BamW restriction digest) into V27 cells. Recombinant viruses 
5 were isolated by screening for blue plaques after agar overlay containing 400 |ig/ml 
halogenated indoIyl-p-D-galactoside (Bluogal, Gibco-BRL). Recombinant viruses 
were purified by three rounds of limiting dilution. Integration was confirmed by 
Southern analysis of restriction enzyme digested d27J-lacZ infected cell DNA. The 
virus d27. 7-rc was created by cotransfection of d27A-lacZ infected cell DNA and the 

10 Sphl linearized integration plasmid pHSV-106-rc into V27 cells. Recombinant 
viruses were isolated by screening for white plaques after agar overlay containing 400 
Hg/ml Bluo-gal. Recombinant viruses were purified by three rounds of limiting 
dilution. Integration was confirmed by Southern analysis of restriction enzyme 
digested d27.1-rc infected cell DNA. The stability of integration with passage was 

15 assessed by isolating 10 clones of d27.1-rc after ten serial passages of d27.]-rc at a 
MOI of 0.1 . All clones were able to rescue rAAV. Wild type HSV-1 virus capable of 
replicating on Vero cells was not detected in any preparation (limit of detection is < 
20 plaque forming units (PFU)/ml). 

20 9.1.4 Recombinant AAV production methods 

Production of AAV-GFP from pTR-UF5 transfected 293 cells. Tissue culture 
dishes (10 cm) plated with 2 x 10 6 293 cells were transfected with 5 \xg pTR-UF5 and 
25 |il Lipofectamine (Gibco-BRL) as per manufacturer's instruction. Four hours post- 
transfection, the cells were washed and DMEM (10% FBS) was added. Twenty hours 

25 later, the cells were superinfected with d27. 1-rc at different MOIs or d27. 1-lacZ at a 
MOI of 10. (The cells on an extra transfected dish were trypsinized, resuspended and 
counted using a haemocytometer.) Approximately 3.5 x 10 7 cells were infected per 
MOI. Forty-eight hours later, the cells were harvested and pelleted by centrifugation 
(1 500 rpm, 5 minutes). The cells were then resuspended in 10 ml of DMEM and cell 

30 associated rAAV was released by three rounds of freezing and thawing. Cell debris 
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was pelleted by centrifiigation (1000 rpm, 5 minutes). The cell lysates were then 
titered for expression units of AAV-GFP as described below and purified by CsCl 
gradient (Kessler et al> 1996). This experiment was repeated in triplicate. 

5 9.1,5 Production of AAV-GFP from the cell line GFP-92 

The GFP-92 cells were plated in 75 cm 2 tissue culture flasks. Twelve hours 
later, the cells were infected with d271-rc at different MOIs or d27.1-lacZ at a MOI 
of 10. The number of cells in one extra flask was determined as described above. 
Approximately 1.5 x 10 7 GFP-92 cells were infected per MOI. Cells were harvested 
10 48h post-infection and cell associated AAV-GFP was processed and titered as 
described above. This experiment was repeated in triplicate. 

9.1.6 Production of AAV-GFP by amplifying AAV-GFP via infection 

293 cells (1 .5 x 1 0 6 cells) were plated in six well tissue culture dishes. Twelve 
15 hours later, the cells were infected with AAV-GFP at different MOIs. Twelve hours 
later, the cells were infected with d27J-rc at a MOI of 10. Cells were harvested 48 h 
post-infection and cell associated AAV-GFP was processed as described above. This 
experiment was repeated in triplicate. The amount of output rAAV was determined 
using the fluorescent cell assay described below. 

20 

9.1.7 Large-scale AAV-GFP production 

GFP-92 cells were plated on 175 cm 2 tissue culture flasks 12 h prior to 
infection. 1 x 10 9 GFP-92 cells were infected 12 h later with d27.1-rc at a MOI of 10. 
Cells were harvested 48 h post-infection and cell associated AAV-GFP was processed 
25 as described above. This experiment was repeated in duplicate. Stocks were analyzed 
for replication competent AAV (rcAAV) (Koeberl etal., 1997). Replication 
competent AAV was not detected (limit of detection was one replication unit per 10 7 
gfp expression units). 
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TlTERING OF AAV-GFP IN THE VIRAL LYSATES BY THE FLUORESCENT CELL 

ASSAY 

Viral lysates were heat inactivated (55°C, one h). Serial dilutions of AAV- 
GFP were then titered on C12 cells with Ad coinfection (MOI of 20) (Clark et al, 
5 1996). The cells were then analyzed for GFP expression using fluorescence 
microscopy at 48h post-infection. 

9.1.9 Western Analysis of AAV-2 Rep proteins 

The indicated cells (approximately 4 x 10 6 cells) were plated onto 6 cm tissue 
10 culture plates 12 h before infection with d27.1-rc (MOI as indicated). Control 
samples not infected. Cells were harvested 48 h post-infection and cell lysates were 
made and loaded on a 10% sodium dodecyl sulfate (SDS>polyacrylamide gel 
followed by immunoblotting using a monoclonal antibody (clone 1F11.8, 1:5000 
dilution) that recognizes all four AAV-2 Rep proteins. The antibody was detected by 
15 chemiluminescence (Amersham). 

9.1.10 Immunofluorescence Assay 

Cells (293, Vero or V27 cells) were plated onto a two-well tissue culture slides 
at a density of 1.5 x 10 5 cells per well. For the anti-AAV Rep immunofluorescence 

20 assay, 293 cells were infected 12h later with d27.1-rc at a MOI of 10. Cells were 
washed with DMEM after a 45 minute adsorption period and DMEM with 10% FBS 
was then added. After 10 h, cells were washed twice with PBS and fixed for 10 
minutes in 4% paraformaldehyde in PBS. Cells were washed twice with PBS and 
penneabilized with 0.2% Triton X-100 in PBS for two minutes. Cells were then 

25 washed twice with PBS and incubated for one hour at 37°C in a humidified chamber 
with monoclonal anti-Rep antibody (American Research Products, clone 226.7, 1:1 
dilution). This antibody recognizes all four Rep proteins. The cells were then washed 
three times with PBS and incubated for 30 minutes at 37°C with FITC conjugated, 
donkey-anti-mouse secondary antibody (diluted 1:100 in 2% goat serum, 2% donkey 

30 serum in PBS). The slides were then washed three times, covered with a 4*,6- 
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diamidino-2-phenylindole (DAPI) containing mounting solution (Vector 
Laboratories), sealed and analyzed for immunofluorescence. Microscopy was 
performed on a Leitz microscope with Image Pro acquisition equipment and image 
analysis software. 

5 To analyze the maturation of HSV-1 viral replication centers and Rep 

expression in V27 cells after d27J-rc infection, a rabbit polyclonal anti-ICP8 (the 
HSV-1 single-stranded-DNA binding protein) antibody (PAb 3-83) and the 
monoclonal anti-Rep antibody (American Research Products, clone 226*7, 1:1 
dilution) were utilized in a double label experiment All procedures were as 

10 previously described except that V27 cells were infected at a MOI of one. After 
fixing and permeablization, V27 cells were incubated as above with the anti-Rep 
monoclonal antibody. The cells were then washed twice with PBS and incubated with 
the anti-ICP8 antibody (diluted 1 :50 in 2% goat serum, 2% donkey serum in PBS) for 
one hour in a humidified chamber at 37°C. The cells were then washed three times 

15 with PBS and then incubated with a rhodamine conjugated, donkey-anti-rabbit 
secondary antibody and FITC conjugated, donkey-anti-mouse secondary antibody 
(both diluted 1:100 in 2% goat serum, 2% donkey serum in PBS) for 30 minutes at 
37°C. The slides were then washed three times, covered with DAPI containing 
mounting solution, sealed and analyzed for immunofluorescence. Vero cells were 

20 infected and processed along side V27 cells to serve as positive controls for Rep 
staining. 

92 Results 

9 *2 J Construction and characterization of d27A-rc 
25 The rHSV-1, d27J-rc was constructed by homologous recombination of the 

AAV-2 rep and cap genes into the tk locus of the rHSV-1 virus d27. 1 (FIG. 2). In this 
recombinant virus, the AAV-2 rep and cap genes are under control of their native 
promoters- the p5, pl9 and p40 promoters. The p5, pi 9 and p40 promoters drive 
expression of the AAV-2 proteins Rep 78 and 68, Rep 52 and 40, and the capsid 
30 structural proteins VP1, VP2 and VP3, respectively (Carter etal., 1983; Green and 
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Roeder, 1980; Laughlin etcd. y 1979; Lusby etaL, 1980; Marcus e/o/., 1981). 
Homologous recombination into the tk gene was confirmed by Southern blot analysis 
of restriction digests of d27.1-rc infected cell DNA. In addition, d27A-rc plaque 
formation on V27 cells, a complementing cell line, was not affected by 5-bromo- 
5 deoxycytidine. This indicates that the tk gene, appropriately, did not produce 
functional thymidine kinase. 

9.2.2 Production of AAV-2 Rep by d27.1-rc 

In order for d27A-rc to replicate rAAV, the AAV-2 Rep proteins must be 

10 efficiently expressed and localized to the nucleus of the cell after d27A-rc infection. 
To determine the level of expression of the AAV-2 Rep proteins from d27A-rc, 
Western analysis was utilized. The expression of the AAV-2 Rep proteins from 
d27.1-rc after infection of three different cell lines (293, Vero and V27 cells) at 
different multiplicities of infection (MOI; 0, 0.1, 1 and 5 infectious units/cell) was 

15 analyzed. 

The vector d27A-rc expressed different levels of each of the AAV-2 Rep 
proteins in the different cell lines. In 293 cells, high level expression of all four Rep 
proteins occurred after infection with d27A-rc. Expression of the Rep proteins was 
also observed in Vero cells after d27A-rc infection. In contrast, only a small amount 

20 of Rep was produced in V27 cells after d27A-rc infection, especially at higher MOIs. 
The level of Rep expression after d27A-rc infection of 293 and Vero cells was 
observed to be dependent on the MOI. The higher level expression of Rep in 293 
cells after d27A-rc infection may be due to upregulation of the p5 promoter by Ad 
Ela present in 293 cells. The low level of Rep expressed in V27 cells after d27A-rc 

25 infection in part results from lytic replication of d27.1-rc after infection of this cell 
line. 

923 The Rep produced by d27A-rc localizes to the nucleus 

The cellular distribution of the AAV-2 Rep proteins was determined in an 
30 immunofluorescence assay (IF A) which utilized a monoclonal antibody that 
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recognizes the four Rep proteins. The IF A was conducted 10 h after infection of 293 
cells with d27J-rc. Hie 293 cells were processed for IF A and the cells were 
incubated with a monoclonal antibody that detects all four Rep proteins (78, 68, 52, 
and 40). The cells were then incubated with a FITC conjugated, donkey-anti-mouse 
secondary antibody. 

The Rep proteins, expressed after infection of 293 cells by d27J-rc, localized 
to discrete nuclear punctate bodies. The distribution of Rep proteins to the nucleus of 
293 cells infected with d271-rc is a prerequisite for rAAV replication. 

9.2.4 Replication center formation by d27J-rc 

The observation has been made that the rep gene products are capable of 
inhibiting viral and cellular DNA replication (Khleif etal, 1991; Heilbronn etal, 
1990; Weitzman etal, 1996a). In particular, rep gene products have been shown to 
be potent inhibitors of Ad DNA replication and prevent the maturation of Ad DNA 
replication centers (Weitzman et al., 1996b). This inhibitory effect of Rep proteins is 
presumably responsible for the inability to generate a recombinant Ad that expresses 
the AAV-2 rep gene. If rep gene products similarly inhibited HSV-1 viral DNA 
replication, the recombinant virus, d27.1-rc, would not be able to propagate. 
Replication of d27J-rc was not affected by the presence of the rep gene, however. 
The kinetics of plaque formation on V27 cells, the complementing cell line, and the 
amount of virus produced per cell was identical to the parent virus, d27.L 

In addition, the development of HSV-1 DNA replication centers after d27.1~rc 
infection of V27 cells was not affected by the presence of the rep gene. HSV-1 
replication centers develop in the nuclei of infected cells in a time dependent manner 
(Quintan et al, 1984). Viral and cellular proteins required for viral DNA replication 
(such as the HSV-1 core replication proteins which includes ICP8, the single- 
stranded-DNA binding protein) and replicating viral DNA localize to these centers 
(Quinlan etal, 1984; Liptak etal, 1996; Lukonis and Weller, 1996; Zhong and 
Hayward, 1997). 
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The immunofluorescence assay showing the development of mature HSV-1 
viral DNA replication centers and minimal Rep expression in V27 cells after infection 
with d27:l-rc was conducted as follows. Twelve hours after infection (MOI of 1), 
V27 cells were processed for IFA and incubated with a rabbit, anti-ICP8 antibody and 
5 a monoclonal, anti-Rep antibody. The cells were then incubated with a Aodamine 
conjugated, donkey-anti-rabbit secondary antibody and a FITC conjugated, donkey- 

anti-mouse secondary antibody. 

Mature HSV-1 replication centers were observed in the nuclei of V27 cells 12 
h after d27.1-rc infection, as indicated by the distribution of ICP8. This distribution 
10 of ICP8 is characteristic of fully developed HSV-1 replication centers (Zhong and 
Hayward, 1997) and did not differ from replication centers formed in V27 cells by the 
parent virus, d27.1. In addition, irnnimal AAV-2 Rep expression was observed in 
V27 cells after d27.1-rc infection. 



15 



20 



9.2.5 THE VECTOR D27J-RC IS EFFICIENT AT PRODUCING INFECTIOUS RAAV 
FROM DIFFERENT RAAV PROVIRAL TEMPLATES 

To determine the flexibility and efficiency of rAAV production using d27.1- 
rc, the production of rAAV from proviral plasmid transfected into cells, from a 
proviral cell line and by amplifying rAAV by coinfection was studied. The vector 
d27.l-rc was observed to effectively rescue rAAV from pTR-UF5 transfected 293 
cells. The plasmid pTR-UF5 contains a proviral rAAV genome that encodes the 
green fluorescent protein (GFP) (Zolotukhin et ai, 1996). 

The purified AAV-GFP produced by d27.1-rc was shown to be infectious. 
C12 cells were infected with the AAV-GFP (MOI of 5 eu) produced by d27.1-rc. The 
25 cells were then coinfected with Ad (MOI of 20). Fluorescent microscopy was used to 
detect GFP expression 24h after infection. Transfection of 293 cells with pTR-UF5 
followed by super-infection with d27.J-rc resulted in rescue of infectious AAV-GFP 
(FIG. 3). The amount of AAV-GFP produced was a function of the MOI of d27.1-rc. 
An increase in the yield of AAV-GFP was observed up to an MOI of 10. At this 
30 MOI, the yield of AAV-GFP was 381 eu/cell. This level of production compares 
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favorably with recently developed rAAV production protocols based upon Ad free 
transfection procedures (Xiao et al., 1998; Matsushita et aL, 1998). Infection of pTR- 
UF5 transfected 293 cells with a control virus, d271-lacZ at an MOI of 10 did not 
produce AAV-GFP. 

5 The vector d27J-rc was also capable of efficient AAV-GFP production from 

the cell line GFP-92 (FIG. 4). In the cell line GFP-92, a proviral rAAV genome that 
encodes GFP is integrated into the chromosomal DNA. As in the transfection 
experiment, the amount of AAV-GFP produced was observed to be a function of the 
MOI of d2Zl-rc. At the most efficient MOI for AAV-GFP replication and 
10 packaging, 480 eu/cell was produced using the vector d27.1-rc. Infection of this cell 
line with the control virus d27. 1-lacZ at an MOI of 10 did not produce AAV-GFP. 

9.2.6 Amplification of rAAV via co-infection with rHSV 

Interestingly, d27.1-rc can also be used to amplify rAAV genomes introduced 

15 into cells by infection of rAAV (Table 3). 293 cells were infected with different 
MOIs of AAV-GFP as indicated. 12 h after infection, the cells were superinfected 
with d27J-rc at a MOI of 10. 48 h post-infection a cell lysate was made from the 
infected cells by three rounds of freeze-thaw. The viral lysate was heat inactivated at 
55°C for one hour and then titered in duplicate on C12 cells that were coinfected with 

20 adenovirus (MOI of 20). 48 h post-infection the C12 cells were analyzed for GFP 
expression using fluorescent microscopy and a titer was determined (expression 
units). The data represents duplicate experiments. 

Table 3 

25 Serial Passage of rAAV with d27A-rc results in vector amplification 



Passage 


Input 


Output Vector 


Fold 


Total 


Number 


Vector 




Amplification 


Amplification 


1 


5.0 xlO 3 


1.0 x 10 6 


200 


200 


2 


1.0 x 10 4 


1.75 x 10 6 


175 


3.5 x 10 4 


3 


1.75 x 10 4 


2.97 x 10 7 


170 


5.95 x 10 6 
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When rAAV and rHSV are co-infected in 293 cells amplification of rAAV 
genomes is observed. Infection with <J27A~rc (MOI of 10) along with rAAV (MOI 
of 0.1) leads to a 200 fold amplification of input AAV-GFP. The total amplification 
of rAAV was greater than 10 6 after three cycles of passage. While not as efficient as 
the production of AAV-GFP from transfected plasmid or a pro viral cell line, 
coinfection of rAAV vectors with d27A-rc permits serial amplification of rAAV via 
scaleable infection. 

9-2-7 The efficiency of rAAV production by d27A-rc is maintained when 
the scale of production is increased 

To verify that d27A-rc can be utilized to produce rAAV on a larger scale, 10 9 
GFP-92 cells were infected with d27 1-rc (Table 4). 



Table 4 

Efficient large-scale production of rAAV is observed using d27J-rc 



Study 


Number of 


Amount of virus produced 


Expression units 


Number 


GFP-92 cells 


in cell lysate (eu) 


produced per cell 


1 


1.0 x 10' 


3.8 x 10" 


380 


2 


1.1 x 10» 


3.7x10" 


338 



The yield of AAV-GFP, 380 eu/cell and 338 eu/cell in duplicate experiments, 
indicates that d27J-rc is able to efficiently produce rAAV after the scale of infection 
is increased Maintaining efficient rAAV production as the scale of d27A-rc infection 
is increased is required for d27A-rc to be a viable method for large-scale production 
ofrAAV. 
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93 Recombinant HSV Vector Expressing AAV Rep and Cap Results in 
High-Titer rAAV Production 

Recombinant adeno-associated vims mediated gene transfer has been uniquely 
successful in achieving long-term, high-level gene expression in vivo. Many potential 
applications for the use of rAAV in genetic disease require a substantial vector dose to 
achieve a therapeutic effect One significant problem associated with rAAV vectors, 
has been the difficulty in generating sufficient quantities of high-titer vector required 
for in vivo applications. This difficulty has led to improvements in numerous aspects 
of rAAV vector development in order to increase the efficiency of rAAV production. 
These strategies have all involved the use of adenovirus to provide the helper 
functions for rAAV production, however. Few studies have explored the possibility 
of using other helper viruses of AAV-2 replication and packaging for large-scale 
production. 

This Example describes the development of an alternative system for 
production of rAAV. This system is based upon the HSV-1 helper functions of AAV- 
2 replication and packaging. By generating a recombinant HSV-1 encoding the AAV- 
2 rep and cap genes, a single infectious helper has been created. The expression of 
Rep from this vector appears to be regulated and is appropriately distributed to the 
nucleus. The rHSV-1, d271-rc, propagates readily and its replication is not affected 
by the presence of rep. 

Development of mature HSV-1 replication centers in the presence of rep 
appears to be unique to this vector. One possible explanation why the presence of the 
rep gene did not affect the kinetics of d27A-rc replication or the formation of mature 
viral replication centers is that Rep proteins are not efficiently expressed in the V27 
cells after d27. 1-rc infection. Both Western analysis and an IFA were used to analyze 
Rep expression in 293, Vero and V27 cells after d27A-rc infection. By Western 
analysis, high level Rep expression was observed in 293 cells and Vero cells but not 
in V27 cells after infection with d27A-rc. By IFA, Rep expression was observed in 
the nucleus of infected 293 cells and Vero cells after infection with d27A-rc, but not 
in V27 cells. The minimal Rep expression after d27A-rc infection of V27 cells may 
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explain how generation of d27.1-rc was feasible and why similar efforts to construct 
recombinant Ad vectors with the rep gene have failed. 

The d27.1 vector was chosen as the mutant background to provide the viral 
helper functions for several reasons. The vector d27J has a mutation in the 
immediate early gene IE63 and does not produce ICP27 (Rice and Knipe, 1990). The 
protein ICP27 has been implicated in the inhibition of host cell mRNA splicing 
(Sandri-Goldin and Mendoza, 1992; McLauchlan etal., 1992). The use of d27A 
m inim i zes inhibition of splicing of the rep and cap messages compared to a vector 
which produces ICP27. In addition, d27A overexpresses ICP8 (Rice and Knipe, 
1990), one of the HSV-1 genes essential for AAV-2 replication (Weindler and 
Heilbronn, 1991). High level expression of ICP8, the single-stranded DNA binding 
protein, is beneficial for rAAV production. 

The most efficient manner in which d27A-rc is used for large scale rAAV 
production involves infection of a pro viral cell line that provides the rAAV template 
to be packaged. In this two-part system, the proviral cell line is grown at high 
densities in large quantities in spinner cultures or cartridge systems. The AAV-2 rep 
and cap genes and the helper functions required for rAAV production are then 
provided by d27.1-rc infection. Using d27J-rc to infect the proviral cells eliminates 
the need for transfection at any step in the production process. The choice of cell line 
used for this system is important, however. The results of Western analysis indicate 
that d27. 1-rc efficiently expresses the AAV-2 Rep proteins only in certain cell lines. 

The dose response curve for the production of AAV-GFP by d27A-rc 
demonstrates that increasing the MOI of d27A~rc augments rAAV production to a 
point The vector d27A-rc still expresses the immediate early genes that encode the 
viral proteins ICPO and ICP4 (Rice and Knipe, 1990). Expression of these immediate 
early genes is detrimental to the cell and induces cell death (Johnson etal, 1992b; 
Johnson and Curtis, 1994). At high MOIs, increased expression of these immediate 
early genes probably leads to rapid cell death, limiting the production of rAAV. At a 
MOI of 25, while there is increased expression of the AAV-2 rep genes and the HSV- 
1 helper genes necessary for rAAV production, increased cytotoxicity due to 
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additional gene expression from the vector also occurs. At a MOI of 10, the most 
effective balance exists between expression of the AAV-2 rep and cap genes and 
HSV-1 helper functions required for rAAV production and the cytotoxicity inherent to 
the vector. 

Replication of HSV-1 is not required for efficient replication and packaging of 
AAV-2 (Weindler and Heilbronn, 1991). Cells lines such as 293 cells, which do not 
complement d27.1-rc replication, can therefore be used to produce rAAV. Using a 
non-complementing cell line to produce rAAV permits the production of rAAV 
without generating additional d27.1-rc. The helper virus, d27.1-rc, is therefore 
effectively eliminated from the rAAV produced. 

The application of a recombinant virus to introduce the AAV-2 rep and cap 
and helper virus functions into cells in order to produce rAAV has certain advantages 
over the amplicon system described above. Unlike a recombinant HSV-1 vector, an 
amplicon system has a variable helper virus to amplicon virus ratio from passage to 
passage. This variability makes optimization of an amplicon system for rAAV 
production difficult since the ratio of helper virus to amplicon virus effects the amount 
of rAAV produced. In addition, there is no selective pressure to maintain the 
recombinant AAV-2 genome in the amplicon. With passage, deletion and 
recombination of the amplicon genome is likely to occur, resulting in decreased 
efficiency of rAAV production after serial passage of the amplicon. These problems 
are not encountered using the recombinant virus d27. 1-rc. 

Large-scale production of rAAV vectors is required for in vivo preclinical and 
clinical trials of potentially therapeutic rAAV vectors. The vector d27J-rc facilitates 
the production of rAAV. The vector d27J-rc is flexible and can be utilized to 
produce rAAV from transfected cells, cell lines or even infected rAAV. The rescue of 
rAAV from proviral cell lines at or above the efficiency of Ad free methods permits 
large-scale production of rAAV without requiring a transfection procedure. 
Combined with recently developed purification procedures (Xiao et al., 1998, Grimm 
et aL % 1998, Zolotukhin et al. 9 1999), d27.1-rc is an attractive way to produce the large 
quantity of rAAV that is needed for clinical success of rAAV based gene therapy. 
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All of the compositions and/or methods disclosed and claimed herein can be 
made and executed without undue experimentation in light of the present disclosure. 
While the compositions and methods of this invention have been described in terms of 
preferred embodiments, it will be apparent to those of skill in the art that variations 
may be applied to the compositions and/or methods, and in the steps or in the 
sequence of steps of the methods described herein, without departing from the 
concept, spirit and scope of the invention. More specifically, it will be apparent that 
certain agents that are both chemically and physiologically related may be substituted 
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for the agents described herein while the same or similar results would be achieved 
All such similar substitutes and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the invention as defined by the 
appended claims. 
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What Is Claimed Is: 

1. A recombinant herpes simplex virus vector comprising an AAV rep coding 
sequence operably linked to a promoter and an AAV cap coding sequence operably 
linked to a promoter. 

2. The recombinant vector of claim 1 , wherein said AAV rep coding sequence or 
said AAV cap-coding sequence is operably linked to a p5, pi 9 or p40 promoter. 

3. The recombinant vector of claim 2, wherein said AAV rep coding sequence 
and said AAV cap coding sequence is operably linked to a p5, pi 9 or p40 promoter. 

4. The recombinant vector of claim 1, in which a non-essential HSV gene is 
altered. 

5. The recombinant vector of claim 4, in which a non-essential HSV gene is 
altered to increase expression. 

6. The recombinant vector of claim 5, in which said non-essential HSV gene 
encodes ICP8. 

7. The recombinant vector of claim 4, in which a non-essential HSV gene is 
mutated or substantially deleted. 



94 



WO 00/17377 



PCT/US99/22052. 



8. The recombinant vector of claim 7, in which a non-essential HSV gene is 
substantially deleted. 

9. The recombinant vector of claim 8, in which said non-essential HSV gene 
encodes ICP27 or glycoprotein H. 

10. The recombinant vector of claim 9, in which said non-essential HSV gene 
encodes ICP27. 

11. The recombinant vector of claim 1, comprised within a recombinant herpes 
simplex virus. 

12. A recombinant herpes simplex virus comprising an AAV rep coding sequence 
operably linked to a promoter and an AAV cap coding sequence operably linked to a 
promoter. 

13. The recombinant virus of claim 12, wherein said AAV rep coding sequence or 
said AAV cap coding sequence is operably linked to a p5, pi 9 or p40 promoter. 

14. The recombinant virus of claim 13, wherein said AAV rep coding sequence 
and said AAV cap coding sequence is operably linked to a p5, pi 9 or p40 promoter. 
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15. The recombinant virus of claim 12, in which a non-essential HSV gene is 
altered. 

16. The recombinant virus of claim 15, in which a non-essential HSV gene is 
altered to increase expression. 

17. The recombinant virus of claim 16, in which said non-essential HSV gene 
encodes ICP8. 

18. The recombinant virus of claim 12, in which a non-essential HSV gene is 
mutated or substantially deleted. 

19. The recombinant virus of claim 18, in which a non-essential HSV gene is 
substantially deleted. 

20. The recombinant virus of claim 19, in which said non-essential HSV gene 
encodes ICP27 or glycoprotein H. 

21. The recombinant virus of claim 20, in which said non-essential HSV gene 
encodes ICP27. 



22. The recombinant virus of claim 21, wherein said recombinant virus is the 
d27. Ire virus. 
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23. A kit comprising, in a suitable container, a DNA segment comprising an AAV 
rep coding sequence operably linked to a promoter, an AAV cap coding sequence 
5 operably linked to a promoter, an HSV-1 origin of replication and an HSV-1 
packaging sequence. 



24. The kit of claim 23, further comprising an HSV-1 helper virus. 

10 

25. The kit of claim 24, in which a non-essential gene of said HSV-1 helper virus 
is altered. 

15 

26. The kit of claim 25, in which a non-essential gene of said HSV-1 helper virus 
is altered to increase expression. 



20 27. The kit of claim 26, in which said non-essential gene of said HSV-1 helper 
virus encodes ICP8. 



28. The kit of claim 25, in which a non-essential gene of said HSV-1 helper virus 
25 is mutated or substantially deleted. 

29. The kit of claim 28, in which a non-essential gene of said HSV-1 helper virus 
is substantially deleted. 

30 
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30. The kit of claim 29, in which said non-essential gene of said HSV-1 helper 
virus encodes ICP27 or glycoprotein H. 

31. The kit of claim 30, in which said non-essential gene of said HSV-1 helper 
virus encodes ICP27. 

32. The kit of claim 31, wherein said HSV-1 helper virus is the d27.1 HSV-1 
virus. 

33. A kit comprising, in a suitable container, a recombinant herpes simplex virus 
vector comprising an AAV rep coding sequence operably linked to a promoter and an 
AAV cap coding sequence operably linked to a promoter. 

34. The kit of claim 33, wherein said recombinant herpes simplex virus vector is 
comprised in a recombinant herpes simplex virus. 

35. The kit of claim 34, in which a non-essential gene of said recombinant herpes 
simplex virus is altered. 

36. The kit of claim 35, in which a non-essential gene of said recombinant herpes 
simplex virus is altered to increase expression. 
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37. The kit of claim 36, in which said non-essential gene of said recombinant 
herpes simplex virus encodes ICP8. 

38. The kit of claim 35, in which a non-essential gene of said recombinant herpes 
simplex virus is mutated or substantially deleted. 

39. The kit of claim 38, in which a non-essential gene of said recombinant herpes 
simplex virus is substantially deleted. 

40. The kit of claim 39, in which said non-essential gene of said recombinant 
herpes simplex virus encodes ICP27 or glycoprotein H. 

41. The kit of claim 40, in which said non-essential gene of said recombinant 
herpes simplex virus encodes ICP27. 



42. The kit of claim 41, wherein said recombinant herpes simplex virus is the 
d27Jrc HSV-1 virus. 



43 . A method for preparing a rAAV comprising: 

a) providing an HSV-1 helper virus and a DNA segment comprising an 
AAV rep coding sequence operably linked to a promoter, an AAV cap 
coding sequence operably linked to a promoter, an HSV-1 origin of 
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replication and an HSV-1 packaging sequence to a host cell that 
comprises a rAAV; 

b) culturing said cell under conditions effective to produce rAAV in said 
cell; and 

c) obtaining said rAAV from said cell. 



44. The method of claim 43, wherein said host cell comprises said rAAV 
integrated into the genome of said cell. 



45. The method of claim 43, wherein said host cell is provided with said rAAV, 
said HSV-1 helper virus and said DNA segment simultaneously. 



46. The method of claim 43, wherein said host cell is a HeLa, 293 or Vero cell. 



47. The method of claim 43, wherein said rAAV comprises an AAV-2 genome. 



48. The method of claim 43, wherein said rAAV comprises an AAV-1, AAV-2, 
AAV-3, AAV-4, AAV-5 or AAV-6 capsid. 



49. The method of claim 43, wherein said rAAV comprises a therapeutic gene. 
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50. The method of claim 43, wherein said AAV rep coding sequence or said AAV 
cap coding sequence is operably linked to a p5, pl9 or p40 promoter. 

51. The method of claim 50, wherein said AAV rep coding sequence and said 
AAV cap coding sequence is operably linked to a p5, pl9 or p40 promoter. 

52. The method of claim 43, in which a non-essential gene of said HSV-1 helper 
virus is altered 

53. The method of claim 52, in which a non-essential gene of said HSV-1 helper 
virus is altered to increase expression. 

54. The method of claim 53, in which said non-essential gene of said HSV-1 
helper virus encodes ICP8. 

55. The method of claim 52, in which a non-essential gene of said HSV-1 helper 
vims is mutated or substantially deleted. 

56. The method of claim 55, in which a non-essential gene of said HSV-1 helper 
virus is substantially deleted. 

57. The method of claim 56, in which said non-essential gene of said HSV-1 
helper virus encodes ICP27 or glycoprotein H. 
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58. The method of claim 57, in which said non-essential gene of said HSV-1 
helper virus encodes ICP27. 

59. The method of claim 58, wherein said HSV-1 helper virus is the d27.1 HSV-1 
virus. 

60. A recombinant AAV virus produced by the method of claim 43. 

61 . A kit comprising, in a suitable container, a recombinant AAV virus produced 
by the method of claim 43. 

62. A method for preparing a rAAV comprising: 

a) providing a recombinant herpes simplex virus that comprises an AAV 
rep coding sequence operably linked to a promoter and an AAV cap 
coding sequence operably linked to a promoter to a host cell that 
comprises a rAAV; 

b) culturing said cell under conditions effective to produce rAAV in said 
cell; and 

c) obtaining said rAAV from said cell. 
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63. The method of claim 62, wherein said host cell comprises said rAAV 
integrated into the genome of said cell. 

64. The method of claim 62, wherein said host cell is provided with said rAAV 
and said recombinant herpes simplex virus simultaneously. 

65. The method of claim 62, wherein said host cell is a HeLa, 293 or Vera cell. 

66. The method of claim 62, wherein said rAAV comprises an AAV-2 genome. 

67. The method of claim 62, wherein said rAAV comprises an AAV-1, AAV-2, 
AAV-3, AAV-4, AAV-5 or AAV-6 capsid. 

68. The method of claim 62, wherein said rAAV comprises a therapeutic gene. 

69. The method of claim 62, wherein said AAV rep coding sequence or said AAV 
cap coding sequence is operably linked to a p5, p 1 9 or p40 promoter. 

70. The method of claim 69, wherein said AAV rep coding sequence and said 
AAV cap coding sequence is operably linked to a p5, pl9 or p40 promoter. 
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71. The method of claim 62, in which a non-essential gene of said recombinant 
herpes simplex virus is altered. 



72. The method of claim 71, in which a non-essential gene of said recombinant 
herpes simplex virus is altered to increase expression. 



73. The method of claim 72, in which said non-essential gene of said recombinant 
herpes simplex virus encodes ICP8. 



74. The method of claim 71, in which a non-essential gene of said recombinant 
herpes simplex virus is mutated or substantially deleted 



75. The method of claim 74, in which a non-essential gene of said recombinant 
herpes simplex virus is substantially deleted 



76. The method of claim 75, in which said non-essential gene of said recombinant 
herpes simplex virus encodes ICP27 or glycoprotein H. 



77. The method of claim 76, in which said non-essential gene of said recombinant 
herpes simplex virus encodes ICP27. 



78. The method of claim 77, wherein said recombinant herpes simplex virus is the 
d27. Ire HSV-1 vims. 
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79. A recombinant AAV virus produced by the method of claim 62. 

5 

80. A kit comprising, in a suitable container, a recombinant AAV virus produced 
by the method of claim 62. 
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<210> 1 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
Oligonucleotide 

<400> 1 

atgagcaagg gcgaggaact gttc 

<210> 2 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
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<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
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cttcatcaca cagtactcca cggg 
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Rekombinante Herpesviren fur die Erzeugung rekombinanter 
Adeno- assoziierter-Viren 



Beschreibung 

Die Erfindung betrifft einen rekombinanten Herpesvirus, ein Verfahren zur 
dessen Herstellung sowie ein Verfahren 2 ur Herstellung von hochtitrigen 
.nfektiosen Adeno-asso 2 iierten Virus-Vektor-Praparationen. 

Es sind 2 ahlreiche genetische Erkrankungen bekann,. fur die bisher keine 
wrksame Therapie gefunden wurde. Ein mog,icher Weg 2U r Behandlung 
S ene,,scher Erkrankungen besteht darin. ein bestimmtes Gen. welches die 
9en e „sche Erkrankung korrigieren kann, in das Genom des Patienten 
e.n.ubringen, so da S es in der DNA des Patienten vcriiegt und sich don 
replizieren kann. 

Zum Einbringen des gewunschten korrigierenden Gens in die Zelle konnen 
Vektoren verwende, werden. wobei virale Vektoren auf der Basis von 
Adeno-asso 2 iierten Viren ,AAV) fur die Gentherapie gegenOber anderen 
v.ralen Vektorsystemen eine Reihe von Vorteilen aufweisen. AAV ist ein 
sehr stabiles, aber apa.hogenes Virus. Zudem ha. es einen breiten 
Gewebetropismus und die Fahigkeit 2 ur effi.ienten chromosalen 
ln,egra„onen sowohl in proliferierenden als auch in ruhenden Zellen. 

Als virale Vektorsysteme werden zumeist AAV-Vektoren auf Basis des 
Adeno- a sso 2 iierten Virus Typ 2 (AAV-2) eingeset* (Carter. Curr. Opinion 
B.otech. 3 (1992, 533; Mu 2yc2 ka. Curr. Top. Microbiol. Imm. , 58 „ 992) ' 
97). Be, AAV-2 handel, es sich um ein weit verbreitetes, humanes Virus 
wobe, bei der Primarinfektion. die 2 umeis, im Kindesalter stattfindet. keine 
Pathogeny, inducer, wird. Es gib, auch keine Hinweise darauf. daS AAV-2 
«n onkogenes Potential besit.en konnte. Aufgrund der hohen Stability vcn 
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AAV-2 kann das Virus auch aufwendige Reinigungsverfahren ohne Verlust 
an Infektiositat uberstehen. 

AAV-2 ist ein kleines, einzelstrangiges DNA-Virus, das zwei Gene tragt: Das 
rep-Gen kodiert fur vier uberlappende, regulatorische Proteine, Rep78 und 
Rep52 und C-terminal gepleiSte Varianten der beiden Proteine, Rep68 und 
Rep40. Die Rep-Proteine dienen zur AAV-Genregulation, DNA-Replikation 
und Virusverpackung. Das cap-Gen kodiert furdiedrei Virus-Capsidproteine. 
Die beiden Gene rep und cap werden von 145 bp langen invertierten 
Repititionen flankiert, die als "Origins of Replication" dienen. Diese sind die 
einzigen AAV DNA-Sequenzen, die in Cis fur DNA-Replikation # 
Virusverpackung und integration in Wirtszellgenom benotigt werden, so daS 
ca. 4,7 kb lange Fremdsequenzen in die jeweiligen Vektoren kloniert werden 
konnen, 

AAV sind replikationsdefekt und benotigen fur eine effiziente Vermehrung 
eine Coinfektion mit einem Helfervirus. Ohne Helferviren integriert AAV mit 
hoher Frequenz ins Wirtszellgenom, wobei ein spezifischer Lokus auf 
Chromosom 19 (q13.3-qter) stark bevorzugt wird. Die Integration ist dabei 
unabhangig von der viralen oder zellularen DNA-Replikation. Aufgrund der 
genannten Vorzuge bieten AAV-Vektoren ideale Voraussetzungen fur die 
Einschleusung und stabile Integration von Genen in nicht prolifierierende 
Zellen. Fur die Gentherapie werden ublicherweise rekombinante AAV- 
Vektoren eingesetzt, die eine heterologe, fur ein gewunschtes Genprodukt 
kodierende DNA umfassen. Durch die Insertion der heterologen DNA in die 
AAV-Vektoren wird jedoch die rep und cap-Expression beeintrachtigt. 
Deshalb mussen zur Vermehrung der rekombinanten AAV-Vektoren diese 
Proteine bzw. Systeme, die diese Proteine exprimieren, von au&en zugefuhrt 
werden. 

Diese Vermehrung kann beispielsweise durch Cotransfektion von 
Adenovirus-infizierten Zellen mitdem rekombinanten AAV-Vektor und einem 
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Heiferplasmicl erfoigen, im dem die rep- und cap-Gene von AAV durch die 
Replikationsursprunge ("Origins of Replication' 1 ) von Adenovirus Typ 5 
flankiert werden. Das Helferplasmid wird in den Adenovirus-infizierten Zelien 
repliziert, so daft ausreichende Mengen an Rep und Cap zur Propagation des 
AAV-Vektors zur Verfugung stehen. Das rep- und cap-exprimierende 
Konstrukt weist keine gemeinsamen DNA-Sequenzen mit dem AAV-Vektor 
auf , so daft kein die Vektorpraparation kontaminierendes Wildtyp AAV durch 
homologe Rekombination entstehen kann (Samulski et al., J. Virol. 63 
(1 989), 3822). Ein Nachteil dieses Systems ist jedoch, daft die erreichbaren 
Virustiter mit 10 4 bis 10 s infektiosen Partikeln pro ml deutlich niedriger als 
bei Wildtyp-AAV sind, das bis zu 10 12 Partikel pro ml erreichen kann. Zudem 
mussen fur jeden Ansatz aufs neue Zelien mit dem AAV-Vektor und dem 
rep- und cap-exprimierenden Helferplasmid cotransfiziert und anschlieftend 
mit Adenovirus infiziert werden, da das Helferplasmid nicht als Virus 
verpackt wird und somit nicht durch Infektion ubertragen werden kann. 

J. Conway et al. (J. Virol. 71 (1 1) (1997), 8780-8789) beschreiben ein 
Verfahren zur Replikation und Verpackung von rekombinantem AAV Typ 2 
mittels eines Herpes Simplex Virus (HSV) Typ 1 Amplikons, das Rep und 
Cap exprimiert. Die HSV-Amplikons werden in HSV-Hullen verpackt und 
konnen deshalb nur in Gegenwart von Wildtyp-HSV vermehrt werden. Das 
relative Verhaltnis von Wildtyp HSV und verpackten Amplikons ist bei der 
gemeinsamen Vermehrung nicht vorhersehbar und auch kaum einstellbar. 
Es gibt auch keine Methode, die beiden Viruspopulationen durch 
Aufreinigung voneinander zu trennen, da die beiden gemeinsame Hulle die 
wesentlichen physiko-chemischen Eigenschaften ausmacht. Daruber hinaus 
besteht das Problem, daft das Amplikon aufgrund von Wachstumsnachteilen 
bereits nach wenigen Passagen nur noch in einer nicht mehr nachweisbar 
geringen Menge vorliegt. Das Amplikon-System ist deshalb nur 
reproduzierbar anwendbar, wenn man fur jede rAAV-Praparation das 
Amplikon-Plasmid transfiziert und dann mit Wildiyp-HSV uberinfiziert. Dies 
hat aber zur Folge, daft man fur jede Vermehrungsrunde die Amplikon- 
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Piasmide erneut transfizieren muB, was aber genau der Nachteil des weiter 
oben beschriebenen Verpackungssystems ist. 

Es wurde versucht, die mit der Verwendung von nicht selbstreplizierenden 
Plasmiden verbundene Nachteile durch Etablierung von stabilen Zellinien zu 
losen, die die AAV-Gene rep und cap in ausreichend hoher Menge 
exprimieren. Da Rep jedoch toxisch ist. bereitet die Bildung von stabilen 
Zellklonen, die funktionsfahiges Rep78 oder Rep68 exprimieren, groRe 
Schwierigkeiten. 

In WO 95/06743 wird ein Verfahren zur Herstellung von rekombinantem 
AAV beschrieben, bei dem als Helfervirus ein Adenoviruskonstrukt 
verwendet wird, welches ein die rep- und cap-Gene von AAV aufweisendes 
rekombinantes Insert umfaSt. Die Expression von Rep-Proteinen in mit AAV 
infizierten Zellen hemmt jedoch die Adenovirusinfektion, so dafc keine 
hochtitrigen Praparationen erhalten werden konnen. In WO 95/06743 wird 
auch die Verwendung eines Herpesvirusvektors anstelle des 
Adenovirusvektors vorgeschlagen. Allerdings wird keine nacharbeitbare 
Anleitung gegeben, auf welche Weise stabile rekombinante Herpesviren, die 
AAV-Genbereiche umfassen, hergestellt werden konnen, bei denen keine 
Reversion zum Wildtyp stattfindet. 

Eine Aufgabe der Erfindung war es daher, ein System bereitzustellen, mit 
dem rekombinante AAV-Vektoren als hochtitrige Praprationen, wie sie fur 
Anwendungen im klinischen Mafcstab benotigt werden, hergestellt werden 
konnen. Eine weitere Aufgabe der Erfindung war es, ein Helferkonstrukt zur 
Vermehrung von AAV-Vektoren bereitzustellen, bei dem die Nachteile des 
Standes der Technik mindestens teilweise beseitigt sind. 



le 



Diese Aufgaben werden erfindungsgemaS durch stabile Zellinien gelost, d 
die AAV-Gene rep und cap in ausreichend hoher Menge exprimieren, und 
in denen AAV-Vektoren durch Infektion propagiert werden konnen. 
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Die Erfindung betrifft ein rekombinantes Herpesvirus, welches dadurch 
gekennzeichnet ist, dafc es ein rep- und ein cap-G en von Adeno-assoziiierten 
Viren (AAV), beispielsweise ein rep- und ein cap-Gen von AAV-2 oder ein 
damit funktionell aquivalentes Gen, in operativer Verknupfung mit einer 
Expressionskontrollsequenz enthalt. Vorzugsweise befinden sich das rep- 
und cap- Gen auf einer Insertion, die im Genom das Herpesvirus an einer 
geeigneten Stelle integriert ist. 

Das erfindungsgemafce rekombinante Herpesvirus enthalt zum einen die fur 
die effiziente Vermehrung von AAV benotigten Helferfunktionen und kann 
daneben die fur Rep und Cap kodierenden Bereiche von AAV in 
ausreichender Menge exprimieren, so daG, eine Vermehrung und Verpackung 
von AA V-Vektoren in Zellkultur bei Coinfektion mit dem rekombinanten HSV 
(rHSV) moglich ist. 

Als Expressionskontrollsequenzen sind alle Sequenzen geeignet, die zu einer 
ausreichenden Expression von rep und cap in der Zielzelle fiihren, 
beispielsweise homologe AAV-Expressionskontrollsequenzen, wie etwa der 
AAV p5 Promotor, oder heterologer Promotoren, z.B. eukaryontische 
zellulare oder virale Promotoren. Es konnen konstitutive oder regulierbare 
Expressionskontrollsequenzen verwendet werden. Das rep- und das cap- 
Gen konnen unter gemeinsamer Kontrolle einer einzigen 
Expressionskontrollsequenz oder jeweils unter Kontrolle einer separaten - 
gleichen oder verschiedenen - Expressionskontrollsequenz stehen. 

Uberraschenderweise wurde festgestellt, dafi Herpesviren, insbesondere 
HSV, gegenuber einer hohen Expression der AAV-Rep-Proteine resistent 
sind. Durch Integration des rep- und des cap- Gens in ein Herpesvirus, 
welches ohnehin als Helfervirus fur die Vermehrung der Helfervirus- 
abhangigen AAV-Vektoren erforderlich ist, konnte ein Konstrukt erhalten 
werden, welches alle zur AAV-Vermehrung benotigten Funktionen aufweist 
und eine Herstellung der fur die Vektorpropagation benotigten AA V-Proteine 
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in grofien Mengen ermoglicht. Mit einem solchen System konnen infektiose 
AAV-Vektoren in grofcem MaGstab hergestellt • werden, wie sie fur die 
Gentherapie im klinischen MaGstab benotigt . werden. Die Bildung von 
rekombinanten AAV ist somit nicht mehr. wie bei der Verwendung von 
Plasmiden. von Transfektionseffizienzen abhangig. 

Das erfindungsgemafce Herpesvirus ist genetisch stabil und zeigt bevorzugt 
keine Reversion zum Wildtyp. So findet man auch nach mehreren 
aufeinander folgenden Verdunnungsschritten bei einer Plaque-Reinigung, 
z.B. nach 3, bevorzugt nach 5 und besonders bevorzugt nach 7 
Verdunnungsschritten keine sichtbare Reversion zum Wildtyp, was zeigt, 
da* die integrierte Kassette stabil bleibt. Ein weiterer Vorteil des 
erfindungsgemafcen Herpesvirus ist, daG es mit einem hohen Titer kultiviert 
werden kann, z.B. mit einem Titer von > 5%, insbesondere > 10% und 
besonders bevorzugt > 20% des Titers des entsprechenden Herpesvirus- 
Wildtyps. wobei der Titer dabei bevorzugt als Cell-Release-Virus (CRV)-Titer 
bestimmt wird. 

Das erfindungsgemafie rekombinante Herpesvirus enthalt weiterhin 
bevorzugt ein Reportergen, dessen Exprimierbarkeit in Assoziation mit der 
Integration des rep- und des cap-Gens steht. Das Reportergen steht in 
operativer Verknupfung mit einer geeigneten Expressionskontrollsequenz, 
wie etwa einem SV40-Promotor oder einem anderen Promotor, z.B. einem 
HSV- oder AAV-Promotor. Bevorzugt ist das Reportergen ein 
Nichtantibiotikumresistenz-Gen, besonders bevorzugt ein fur ein direkt, z. 
B. visuell nachweisbares Polypeptid, z.B. LacZ oder GFP (Green 
Fluorescence Protein) kodierendes Gen. Durch Expression des Reportergens 
kann die Reinheit von AA V-Praparationen, die das rekombinante Herpesvirus 
nicht mehr enthalten durfen, uberwacht werden. Weiterhin wird auch eine 
Kontrolle der Reinheit von rekombinanten Herpesviruspraparationen 
gegenuber Verunreinigungen mit Wildtyp-Herpesviren ermoglicht. 
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Grundsatzlich kann jedes Mitgiied der Herpesvirusfamilie (Herpesviridae) 
durch Insertion eines rep- und eines cap-Gens von AAV in ein 
erfindungsgemafces rekombinantes Herpesvirus uberfuhrt werden. Beispiele 
geeigneter Herpesviren sind das Herpes-Simplex-Virus (HSV), das 
Cytomegalovirus (CMV), das Pseudorabiesvirus (PRV) und das Epstein- 
Barrvirus (EBV). Besonders bevorzugt ist das Herpes-Simplex-Virus (HSV) 
und insbesondere HSV-Typ I. Gunstigerweise wird ein Herpesvirus 
verwendet, welches eine singulare Restriktionsstelle aufweist, z. B. die 
HSV-Typ I Mutante 1802 (Rixon et al., J. Gen. Virol. 71 (1990), 2934- 
2939), welche nur eine einzige Xbal-Stelle in der U s -Region an Position 1 43 
969 (die Nummerierung der Positionen erfoigt gemaB McGeoch et al., Nucl. 
Acids Res. 14 (1986), 1727-1745) aufweist. 

Das Herpesvirus kann das rep- und das cap-Gen von AAV in einer 
nichtessentiellen Region enthalten, z.B. in der U s - oder/und U L - Region. 
Bevorzugt ist auch die Verwendung replikationsdefizienter 
Herpesvirusmutanten. Hierzu kann man das rep- oder/und das cap-Gen in 
einen Bereich des Herpesvirusgenoms inserieren, der fur die Replikation des 
Herpesvirus benotigt wird, nicht aber fur die AAV-Replikation, Alternativ 
kann eine Herpesvirus-Mutante verwendet werden, in der schon von 
vorneherein das entsprechende Herpesvirus-Replikationsgen deletiert ist. In 
Frage kommt beispielsweise das UL9-Gen, das fur die HSV-Replikation , 
absolut essentiell, aber fur die AAV-Replikation uberflussig ist (Weindler et 
al., J. Virol. 65 (1991), 2476-2483). Daruber hinaus ist auch das UL54-Gen 
geeignet, das fur das Immediate Early Protein ICP27 kodiert. Auch dieses 
Gen wird nicht fur die AAV-Replikation benotigt. Die Deletion des UL54- 
Gens fuhrt zu einer Verlangsamung des Herpesvirus-Replikationszyklus, die 
entsprechende Mutante ist aber jedoch nicht komplett replikationsdefizient, 
im Gegensatz zu einer Mutation im UL9-Gen. Daruber hinaus kommen auch 
noch andere Herpesvirus-Gene fur die Insertion in Frage, deren Mutation 
oder/und Deletion den gleichen Effekt hat, namiich eine Verlangsamung 
bzw. eine vollstandige Blockierung des Herpesvirus-Replikationszyklus. 
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Bevorzugt umfafct das rekombinante Herpesvirus nicht die vollstandige 
invertierte Repetitionsequenz (ITR) von AAV und besonders bevorzugt ist 
es vollstandig frei von Anteilen der ITR-Sequenz von AAV. 

Eine zusatzliche Verbesserung kann durch Verwendung regulierbarer 
Expressionskontrollsequenzen fur das rep- oder/und das cap-Gen, 
insbesondere fur das rep-Gen erzielt werden. Beispiele hierfur sind 
Expressionskontrollsequenzen, die durch Zugabe von Tetracyclin (Gossen 
und Bujard, Proc. Natl. Sci. USA (1992), 5547-5551) oder durch Zugabe 
von Ecdyson (No et al., Proc. Natl. Acad. Sci. USA (1996), 3346-3351) 
regulierbar sind. Alternativ konnen auch Promotoren verwendet werden, die 
die Expression von "early" und "late" Herpesvirusproteinen, z.B. von HSV 
steuern. . 

Ein weiterer Gegenstand der Erfindung ist ein Verfahren zur Herstellung 
eines rekombinanten Herpesvirus, wobei man das rep- und das cap-Gen von 
AAV in das Genom eines Herpesvirus stabil integriert. Dazu wird die 
Herpesvirus-DNA bevorzugt an einer oder mehreren gewiinschten Stellen 
gespalten und ein das rep- und das cap-Gen enthaltendes DNA-Fragment, 
z.B. ein Plasmid,in die Herpesvirus-DNA ligiert. Die Spaltung wird bevorzugt 
mit Restriktionsenzymen, beispielsweise mit Xbal,durchgefuhrt. Alternativ 
konnen die rep- und cap-Gene auch durch homologe Rekombination in das 
Herpesvirusgenom inseriert werden. Das rep-cap-Konstrukt mufi dann 
flankierende Sequenzen aufweisen, die mit der fur die Insertion ins 
Herpesvirusgenom vorgesehenen DNA-Sequenz ubereinstimmen oder 
zumindest eine hohe Homologie aufweisen. 

Ein weiterer Gegenstand der Erfindung ist eine Nukleinsaure, die aus einem 
erfindungsgemaSen rekombinanten Herpesvirus stammt und das rep- und 
das cap-Gen von Adeno-assoziierten Viren (AAV) sowie die von einem 
Herpesvirus stammenden, zur Vermehrung vcn rekombinanten Adeno- 
assoziierten Virusvektorsn benotigten Helferfunktionen jeweils in operativer 
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Verk nupfung mit Expressionskontrolisequenzen enthalt. Diese Nukleinsaure 
befindet sich vorzugsweise auf einem Vektor, insbesondere auf einem 
eukaryontischen Vektor. 

Die Erfindung umfa&t weiterhin eine Viren-Zusammensetzung, die den 
erfindungsgemafcen rekombinanten Herpesvirus enthalt. Eine solche 
Zusammensetzung ist insbesondere dadurch gekennzeichnet, dafS sie frei 
von Wildtyp-Herpesvirus ist. 

Unter dem Begriff Virus, wie er hierin verwendet wird, sind auch Virionen 
zu verstehen. 

Die erfindungsgema&en rekombinanten Herpesviren und Vektoren werden 
vorteilhaft zur Herstellung von hochtitrigen, infektiosen rAAV- 
Vektorpraparationen verwendet. Deshalb umfa&t die Erfindung ein Verfahren 
zur Herstellung infektioser AAV-Vektorpraparationen, welches die Schritte 
umfafct: 

(a) Bereitstellen eines viraien Vektors auf der Basis von Adeno- 
assoziierten Viren (AAV), welcher eine heterologe DNA-lnsertion 
umfaBt, 

(b) Bereitstellen eines rekombinanten Herpesvirus, das ein rep- und ein 
cap-Gen von AAV in operativer Verknupfung mit einer 
Expressionskontrollsequenz enthalt, 

(c) Einbringen des AAV-Vektors aus (a) und des rekombinanten 
Herpesvirus aus (b) in eine Zelle, z.B. durch Infektion, oder/und DNA- 
Transfektion, 

(d) Vermehren des AAV-Vektors und 

(e) Gewinnen einer infektiosen AAV-Vektorpraparation. 

Anstelle des rekombinanten Herpesvirus (bzw. Virions) kann auch ein 
entsprechender Vektor, welcher das rep- und das cap-Gen von AAV sowie 
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die zur Replikation und Verpackung von AAV notv/endigen Helfer-funktionen 
enthalt, eingesetzt werden. 

Bevorzugt wird die Zelle mit dem rekombinanten AAV-Vektor transfiziert 
Oder infiziert und anschliefcend mit dem rekombinanten Herpesvirus infiziert. 
Besonders bevorzugt werden sowohl der AAV-Vektor als auch das 
Herpesvirus durch Infektion in die Zelle eingebracht, da auf diese Weise das 
Auftreten einer unerwiinschten illegitimen Rekombination weitestgehend 
unterdruckt werden kann. Fur das erfindungsgemaGe Verfahren kann ein 
replizierbares rekombinantes Herpesvirus verwendet werden. Bevorzugt wird 
jedoch ein nicht oder nur eingeschrankt replizierbares rekombinantes 
Herpesvirus eingesetzt, was zu einer weiteren Erhdhung der Ausbeute an 
AAV fiihrt. Mit dem erfindungsgemalien Verfahren ist es moglich, 
hochtitrige, infektiose AAV Vektorpraparationen, insbesondere 
eingekapselte rAAV-Praparationen zu gewinnen. 

Mit Hilfe des erfindungsgemaSen rekombinanten Herpesvirus (Virions) oder 
Vektors, die die zur AAV-Vermehrung benotigten Helferfunktionen umfassen 
sowie eine ausreichende Menge von Rep und Cap Proteinen bereitstellen, 
konnen AAV-Vektoren durch Infektion von eukaryontischen Zellen 
einschliefilich verschiedener, allgemein verfugbarer Zellinien vermehrt 
werden. Ein weiterer Gegenstand der Erfindung ist deshalb eine Zelle, die 
einen erfindungsgemaSen rekombinanten Herpesvirus oder Vektor enthalt. 
Die Zelle ist vorzugsweise eine Saugerzelle, insbesondere eine permanent 
kultivierbare Zelle. Beispiele sind Nagerzellen wie BHK-Zellen, z.B. BHK21 
Es konnen aber auch andere Zellen, z.B. humane Zellen wie etwa Vero- oder 
HeLa-Zellen verwendet werden. 

Die Zelle kann das Virus, den Vektor oder das Virion in extrachromosomaler 
Form in einer oder mehreren Kopien enthalten. Derartige Zellen sind 
beispielsweise durch Infektion erhaltltch. Alternativ kann das Virus, der 
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Vektor oder das Virion auch im Genom der Zelle integriert vorliegen. 
Bevorzugt wird die Zelle durch Infektion mit dem Virus erzeugt. 

Daruber hinaus kann die Zelle weiterhin einen rekombinanten AAV-Vektor, 
insbesondere einen AAV-Vektor miteiner heterologe DNA-lnsertion, der fur 
therapeutisch wirksames Polypeptid kodiert, enthalten. Der AAV-Vektor 
kann extrachromosomal oder integriert im Genom der Zelle latent vorliegen. 
Er wird dann bei Infektion mit rekombinantem Herpesvirus freigesetzt und 
repliziert dann wie nach einer AAV-Vektor-lnfektion. 

Die Infektion von Saugerzellen mit dem erfindungsgemafcen rekombinanten 
Herpesvirus ergab eine hohe Expression der rep- und cap-Gene, wobei die 
Ausbeuten einer Coinfektion mit AAV-Wildtyp und einem Herpes-Simplex 
Virus vergleichbar waren. 

SchliefSlich betrifft die Erfindung noch ein verbessertes Verfahren zur 
Herstellung von infektiosen AAV-Vektorpraparationen, bei dem gegenuber 
bekannten Verfahren, bei denen der AAV-Vektor durch Transfektion in eine 
Wirtszelle eingebracht wurde, eine signifikante Verringerung des Auftretens 
unerwunschter illegitimer Rekombinationen gefunden wird. Das Verfahren 
umfafct das Einbringen eines AAV-Vektors und eines beliebigen Helfervirus, 
z.B. eines Adenovirus, eines Herpesvirus und insbesondere eines 
erfindungsgemafcen rep/cap exprimierenden Herpesvirus, in eine Zelle, die 
Kultivierung der Zelle unter geeigneten Bedingungen zur Vermehrung des 
AAV-Vektors und das Gewinnen einer infektiosen AAV-Vektorpraparation 
aus der Zelle oder/und dem Kulturuberstand, wobei das Verfahren dadurch 
gekennzeichnet ist, daS der AAV-Vektor und das Helfervirus beide durch 
Infektion in die Zelle eingebracht werden. 
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Die Erfindung wird durch die beigefugten Figuren und die folgenden 
Beispiele weiter erlautert. 



Figur 1 zeigt die Genomstruktur eines erfindungsgemafcen rHSV/AAV. 

s DiePosition 1 43 969 der Xbal-Stelle in HSV-1 1802istgema& 

der Nummerierung von McGeoch et al., Nucl. Acids Res. Nr. 
1 4 {1 986). 1 727-1 745). Die Nummerierung des AAV-Genoms 
erfolgt gemafc der Genbankhinterlegungsnummer JOT 901. 

'o Figur 2 zeigt die Expression von AAV-Rep-Proteinen kurz (A) oder 

lange (B) nach einer infektion von BHK-Zellen mit rHSV/AAV. 

Figur 3 zeigt die Expression von AAV-Cap-Proteinen kurz (A) oder 
lange (B) nach einer Infektion von BHK-Zellen rHSV/AAV. 

15 

Figur 4 zeigt die Lokalisierung von Rep oder Cap Proteinen und 
assemblierten AAV Capsiden in rHSV/AAV-infizierten BHK- 
Zellen durch Immunofluoreszenz. 

20 Figur 5 zeigt das Ergebnis eines Replikationscenterassays, in dem das 

herkommliche und das erfindungsgemafce Verfahren verglichen 
werden. 



Figur 6 

25 



zeigt das Ergebnis eines infektidsen Titerassays von rAAV/GFP 
in Rohlysaten. 
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1 . Material und Methoden 

1.1 Kuitivierung von Zellen 

BHK-21 -Zellen (Stoker et al., Nature, 203 (1964), 1355-1357; ECACC Nr. 
8501 143) wurden als Monoschicht in G-MEM (Gibco BRL Nr. 21710-025) 
mit 10% NCS: (Newborn Calf Serum) (Gibco BRL-Nr. 16010-084), 1 x 
Tryptosephosphat-Bouiilon (Gibco BRL-Nr. 18060-02) und Pen/Strep 
(Seromed) bei 37°C, 5% C0 2 gezuchtet. Um BHK-Zellen in Rolierfiaschen 
(Falcon 850 cm 3 , Nr. 3027) zu kultivieren, wurde ein Volumen von 50 ml 
Medium verwendet und die Flaschen wurden mit 0,8 U/min bei 37°C, 5% 
C0 2 gedreht. Zur Infektion von in den Rolierfiaschen wachsenden BHK-21 - 
Zellen wurde das Volumen auf 1 5 ml komplettes G-MEM reduziert. BHK-21 - 
Zellen wurden bis zu 15 Passagen vor dem Beginn einer neuen Kultur 
kultiviert. 

HeLa- und Vero-Zellen wurden in D-MEM (Gibco Nr. 21855-025) mit 10% 
FCS (Seromede Nr. S01 15) und Pen/Strep (Seromed) gezuchtet. 

1 .2 Herstellung von infektiosen HSV und rHSV Praparationen 

Wildtyp- oder rekombinante Herpes Simplex Viren (HSV) wurden durch 
Infektion von etwa 2 x 10 8 BHK-21 -Zellen, die in Rolierfiaschen wie in 
Beispiel 1 beschrieben, gezuchtet wurden, in einer Multiplizitat der Infektion 
(MOD von 0,002 vermehrt. Der Infektionsverlauf wurde durch die Zunahme 
des cytopathischen Effekts (CPE) in der Zellkultur uberwacht. 3 Tage nach 
der Infektion zeigten die meisten Zellen einen vollstandigen CPE und 
konnten durch Schutteln im Zellkulturmedium gesammelt werden. 
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Nach Zentrifugation bei 1500 x g fur 10 min bei 4°C wurde Virus aus 
zellfreiem Uberstand (CRV; Cell-Released-Virus) gewonnen, in Aliqots 
aufgeteilt und bei -80°C eingefroren. 

5 Das Zelipellet wurde in PBS (Phosphat-gepufferte Salzldsung) resuspendiert 
und fur 1 min bei 4°C beschallt. Nach Zentrifugation mit 2000 x g fur 10 
min bei 4°C) wurde der Uberstand als zellassoziiertes Virus (CAV) 
gewonnen, in Aliquots aufgeteilt und bei -80°C eingefroren. 

io 1.3 Reinigung von HSV-Virionen 

Zur Herstellung von HSV-Virionen wurden in Roilerflaschen kultivierte BHK- 
Zellen wie in 1 .2 beschrieben infiziert. Nach Zentrifugation wurde der CRV- 
enthaitende klare Uberstand in Zentrifugationsrohrchen uberfuhrt. Virionen 

15 wurden durch Zentrifugation fur 2 h bei 4°C mit 23 000 x g pelletiert, was 
1 3 500 U/min bei Verwendung eines Beckman SW28-Rotors entspricht. Das 
Viruspellet wurde in 1 ml MEM ohne Phenolrot (MEM-PR) resuspendiert und 
durch Beschallung bei 4°C (3 x fur 30 sec) homogenisiert. Die Suspension 
wurde auf einen linearen Ficollgradienten (5% -r 15% w/v in MEM-PR) in 

20 Beckman SW28 Uitraciear Rohrchen geschichtet und fur 2 h bei 4°C mit 1 2 
000 U/min (19 000 x g) zentrifugiert. 

Bei Beleuchtung war die konzentrierte Virionen-Bande in der Mitte des 
Rohrchens sichtbar. Oberhalb der Virionen-Bande kann eine diffuse Bande 

25 sichtbar sein, welche beschadigte Partikel enthalt. Die Virionen-Bande 
wurde durch Punktieren des Rohrchens mit einer 21 oder 23 Gauge-Nadel 
gesammelt, in ein neues Beckman SW28 Uitraciear Rohrchen uberfuhrt und 
mit MEM-PR auf ein Endvolumen von 35 ml verdunnt. Dann wurden die 
Virionen durch Zentrifugation fur 2 h bei 4°C mit 22 200 U/min (65 000 x 

30 g) pelletiert. Das Pellet wurde in MEM-PR resuspendiert und bei -80°C 
gelagert. Zur Herstellung von viraler DNA wurde das Pellet in 300 y\ TE- 
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Puffer resuspendiert und in ein 1 ,5 ml Rohrchen zur weiteren Verarbeitung 
uberfuhrt. 

Alternativ wurden HSV-Virionen unter Verwendung eines CsCI-Gradienten 
aufgereinigt. 

1.4. Herstellung von HSV-DNA 

Dem gemaB 1.3 gewonnenen, in 300 fj\ TE resuspendierten Virionpellet 
wurden SDS (Endkonzentration von 0,2 %) und Proteinase K 
(Endkonzentration 300/yg/ml) zugegeben. Der Ansatz wurde fur mindestens 
1 h bei 37°C inkubiert. Nach Zugabe von Natriumacetat pH 9,2, auf eine 
Endkonzentration von 0,3 M und einer Phenol/Chloroform-Extraktion (2 x 
Phenol/CIA (Chloroform-lsoamylalkohol), 1 x CIA), wurde die DNA durch 
Zentrifugation nach Zugabe von 2 Volumina Ethanol prazipitiert. Das Pellet 
wurde mit 70% Ethanol gewaschen, getrocknet und in TE (Tris-EDTA- 
Puffer, 10 mM Tris HCI, 1 mM EDTA) resuspendiert. 

1.5 Herstellung des Plasmids psub201lac 

Das auf pCH1 10 (Pharmacia) basierende Plasmid pFJ3, welches ein lacZ- 
Gen unter der Kontrolle eines SV40 Promotors enthalt (Rixon et al., J. Gen. 
Virol. 71 (1990) 2931-2939), wurde mit BamHI gespalten und 
dephosphoryliert. Das Xbal-Fragment von psub201 (Samulski et a!., J. Virol. 
61 (1 987), 3096-31 01 ), das die Sequenz 1 91-4485 des Adeno-assoziierten 
Virus Typ 2 (Genbank Zugangs-Nr. J01 9901 ) einschliefclich der rep- und der 
cap-Gene und der Promotoren p5, pi 9 und p40 aber ohne die Sequenzen 
der invertierten terminalen Repetitionen (ITR) enthalt, wurde in pFJ3 
insertiert, urn psub201Iac zu ergeben. 
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1.6 Plaqueassay 

Subkonfluente BHK-21 Zellen wurden mit verschiedenen Verdunnungen von 
HSV CRV oder CAV Praparationen infiziert. Nach 1 h Adsorption bei 37°C 
wurden die Zellen mit PBS gewaschen und mit G-MEM enthaltend 0,5% Sea 
Plaque-Agar, 5% NCS, Pen/Strep und 1 x Tryptose-Phosphat-Bouillon 
uberschichtet. Nach Inkubation fur 3 Tage bei 37°C, 5% C0 2 wurden die 
Plaques gezahlt und der Titer bestimmt. 

1.7 X-Gal-Anfarbung 

Infizierte oder nichtinfizierte Zellen wurden 1 x mit 150 mM NaCI, 15 mM 
Natriumphosphat, pH 7,3 in PBS gespult. Die Zellen wurden durch 
Inkubation fur 5 min in kaltem PBS, enthaltend 2 % Formaldehyd und 0,2 
% Glutaraldehyd fixiert. Um das Fixativ zu enfernen, wurden Zellen mit PBS 
gewaschen. Schliefclich wurden die Zellen mit der X-Gal-Anfarbelosung 
enthaltend 1 mg/ml X-Gal, 5 mM Kaliumferrocyanid, 5 mM 
Kaliumferricyanid, 2 mM MgCI 2 in PBS uberschichtet. Angefarbte Zellen 
wurden ublicherweise fur mehrere Stunden bei 37°C inkubiert, bis eine 
blaue Farbung sichtbar war. 

1.8 Westernblot 

Der Westernblot wurde, wie beim Laemmli, Nature, 227 (1970) 680-685 
beschrieben, durchgefuhrt. Die Zellen wurden 2 x mit PBS gewaschen, 
entweder wahrend sie noch an die Platte anhafteten oder nachdem sie 
gesammeit und in einem 1 5 ml Rohrchen pelletiert waren. Nach Zugabe von 
100 //I 1 x SDS Probenpuffer (50 mM Tris-Ci, pH 6,8; 1% £- 
Mercaptoethanol; 2% SDS; 0,1 % Bromphenolblau; 10% Glycerin) pro 1 x 
1 O 3 Zellen wurde die Suspension in ein 1,5 ml Reaktionsgefafc uberfuhrt. Die 
Proben wurden in kochendem Wasser fur 10 min inkubiert, auf Eis gekuhlt 
und bei -80°C gelagert. Zur Analyse wurden bis zu 30 y\ jeder Probe auf ein 
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10% SDS Polyacrylamidgel (SDS-PAGE) gegeben. Nach der Elektrophorese 
wurde das Gel 15 min in einer Tris-Glycinlosung. (25 mM Tris-Base; 95% 
mM Glycin; 10% Methanol) aquilibriert. Die Proteine wurden ' unter 
Verwendung einer halbtrockenen Blotvorrichtung und 1 mA/cm 2 auf eine 
Nitrozellulosemembran (Schleicher und Schuell. BA85, Nr. 401196) 
transferiert. Zur Kontrolle des Transfers und der Proteinmenge wurde die 
Membran mit Ponceau-S (Sigma) angefarbt. Die Membran wurde in PBS. 
0,3% Tween-20, 10% fenfreiem Milchpulver fiir 30 min bei 
Raumtemperatur oder uber Nacht bei 4°C blockiert. 

Antikorper wurden entsprechend in PBS, 0,3% Tween-20, 10% fettfreies 
Milchpulver verdunnt und fur mindestens 1 h bei Raumtemperatur oder uber 
Nacht bei 4°C inkubiert. Zur Rep-Detektion wurden die monoklonalen 
Antikorper 303.9 und 76.3 (1:10 verdunnt) verwendet (Kleinschmidt et al. 
Virology 206 (1995) 254-262; Wistuba et al., J. Virol. 69 (1995), 53H- 
531 9). Zur Detektion der Cap (VP)-Proteine wurde der Antikorper B1 (1 :10 
verdunnt) verwendet (Wistuba et al. (1995) supra). Die Filter wurden 
dreimal fur 10 min mit PBS, 0.3% Tween-20 bei Raumtemperatur 
gewaschen. Zur Detektion von AAV-Capsidstrukturen wurde der Antikorper 
A20 (Wistuba et al., J. Virol. 71 (1996), 1341-1352) verwendet. 

Der zweite Antikorper, ublicherweise ein Anti-Maus-Antikdrper-Peroxidase- 
Konjugat, wurde in PBS, 0,3% Tween-20, 10% fettfreiem Milchpulver 
verdunnt und zusammen mit dem Filter fur 30 min bis 1 h bei 
Raumtemperatur inkubiert. Die detektierten Proteine wurden uber einen ECL- 
Kit gemafc Angaben des Herstellers (Amersham Life Science, RPN 2106) 
sichtbar gemacht. 

1.9 Immunofluoreszenz 

Zellen wurden auf Deckglasern gezuchtet und mit HSV oder rHSV in einer 
MOI von 1 infiziert. 24 h nach Infektion wurden die Deckglaser 3 x mit PBS 
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{Phosphat gepufferte Salzlosung) gewaschen, 5 min in eisgekuhltem 
Methanol inkubiert und wiederum mit PBS gewaschen. Zum Blocken wurden 
die Deckglaser 30 min in PBS mit 10% NCS inkubiert. Dann erfolgte eine 
Inkubation fur 1 h in einer Feuchtkammer mit den jeweiligen Detekions- 
Antikorpern (siehe 1.8), welche ublicherweise 1:1 in PBS mit 10% NCS 
verdunnt waren. Nach dreimaligem Waschen mit PBS wurden die 
Deckglaser fur weitere 30 min mit verdunntem Fluorescein-lsothiocyanat 
(FITC) markiertem Anti-Mausantikorper inkubiert. Nach drei weiteren 
Waschschritten mit PBS wurden die Deckglaser mit einem Fluoreszenz- 
mikroskop anaiysiert. 



1.10 Herstellung von rAAV 



Fur die Herstellung von rAAV Vektoren wurde das herkommliche Verfahren 
(Cotransfektion) sowie das erfindungsgema&e rHSV/AAV-System 
verwendet. Die Experimente wurden mit BHK-21 Zellen durchgefuhrt, die 
entweder mit Wildtyp HSV Typ 1 Stamm 1802 oder mit dem 
erfindungsgemaGen rHSV/AAV infiziert wurden. Es wurde ein rAAV-GFP- 
(UF5) verwendet, der das Reporterprotein GFP (Green Fluorescence Protein) 
exprimiert (Zolotukhin et al., J. Virol. 70 (1996), 4646-4654). Die 
Plasmidpraparationen, die das rAAV Genom flankiert von den terminalen 
Repetitionseinheiten enthielten, wurden auf ihre integritat hinsichtlich der 
terminalen Repetitionen Gberpruft, bevor sie in den Experimenten verwendet 
wurden. 



BHK-21 Zellen, gezuchtet auf 5,5 cm Platten, wurden fur das herkommliche 
Verfahren mit 10 fjg rAAV-GFP (UF5) Plasmid DNA und 10 pg ATR DNA 
(rep/cap-exprimierendes Plasmid) oder fur das erfindungsgemafte Verfahren 
nur mit 10 //g rAAV-GFP (UF5) DNA transfiziert. Nach Inkubation uber 
Nacht bei 37 °C, 5% C0 2 wurden die Zellen zweimal mit serumfreien G- 
MEM und einmal mit PBS gewaschen, bevor komplettes G-MEM Medium 
zugegeben wurde. Dann wurden die Zellen 6 bis 12 h Jang entweder mit 
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wtHSV-1 1802 in einer MOI von 1 (herkommliches Verfahren) oder 
rHSV/AAV in MOIs von 0,01 bis 1 (erfindungsgemaBes Verfahren) infiziert. 
Nach Adsorption fur eine Stunde bei 37°C wurden die Zellen einmal mit 
PBS gewaschen und komplettes G-MEM wurde zugegeben. Die infizierten 
Zellen wurden bei 37°C, 5% C0 2 , bis zu einem vollstandigen CPE 
(ublicherweise 2 bis 3 Tage) inkubiert. Zur Ernte wurden die Platten bei - 
80°C eingefroren und nach Auftauen wurden die Zellen in ein 1 5 ml 
Rohrchen uberfuhrt. Nach zwei weiteren Gefrierzyklen in flussigem 
Stickstoff und Auftauen wurden die zellularen Trummer durch Zentrif ugation 
fur 15 min bei 4°C mit 1500 x g entfernt. Der klare Uberstand wurde als 
Rohlysat gesammelt und das Helfervirus wurde durch inkubation bei 56°C 
fur 1 5 bis 30 min inaktiviert. Das Lysat wurde direkt analysiert oder weiter 
auf einem CsCI-Gradienten gereinigt. 

1.11 Bestimmung der Anzahl an physikalischen rAAV Partikeln 

Die Anzahl an physikalischen rAAV-Partikeln wurde durch eine Dot Blot- 
Analyse bestimmt. Zu 5 jj\ der rAAV enthaltenden Probe, erhalten aus einer 
CsCI-Gradientenfraktion oder einem Rohlysat, wurden 20 /yl 10 x DNase I- 
Reaktionspuffer (500 mM Tris-CI, pH 7,5; 1 00 mM MgCI 2 ; 500 //g/ml BSA), 
5 /yl DNase I (1 2 U) und 1 70 fj\ H 2 0 zugegeben. Nach Inkubation bei 37°C 
fur 1 h wurden 200 //I2x Proteinase K-Puffer (20 mM Tris-CI, pH 8,0, 20 
mM EDTA, pH 8,0, 1% SDS) und 100/yg Proteinase K zugegeben. Nach 
einer weiteren Inkubation fur 1 h bei 37°C wurde ein 1/10 Volumen 3 M 
Natriumacetat (pH 9,2) zugegeben und die Proben wurden einer 
Phenolextraktion (1 x Phenol, 1 Phenol/CIA, 1 x CIA) unterzogen. Nach 
Zugabe von 40 fjq Glykogen und 2,5 Volumen 100% Ethanol wurde 30 min 
bei -80°C inkubiert. Schlie&lich wurde die DNA durch Zentrifugation fur 
30 min bei maximaler Geschindigkeit pelletiert. Die Pellets wurden einmal 
mit 70% Ethanol gewaschen, getrocknet und schlie&lich in 400 jj\ 0,4 M 
NaOH, 10 mM EDTA-Losung resuspendiert. 
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Als Standard wurden zweifache serieile Verdunnungen von rAAV Vektor 
DNA (40 bis 0,3 125 ng Plasmid) in einem Volumen von 20 pi hergestelit 
und mit 0,4 NaOH, 10 mM EDTA-Losung versetzt. Aile Proben wurden 5 
Minuten bei 1 00 °C inkubiert und sofort auf Eis gekuhlt. Unter Verwendung 
einer Dot Blot-Vorrichtung wurden die Proben auf Gene Screen-Plus 
Membranen (NEN Light Science Products) uberfuhrt und die DNA wurde auf 
den Filtern durch UV-Licht vernetzt. Die Hybridisierung wurde gemafc 
Church et a!., supra, bei 65°C in 0,25 M Natriumphosphatpuffer, pH 7,2, 
1 mM EDTA, 7 % SDS und 1 % BSA durchgefuhrt. Nach 30 min bis 2 h 
einer Vorhybridisierung wurden die Membranen uber Nacht an das [a- 
32 P]dCTP-markierte 731 bp Notl-Fragment von rAAV-GFP hybridisiert. Die 
Filter wurden bei 65 °C dreimal mit Waschpuffer I (20 mM 
Natriumphosphatpuffer, pH 7,2; 2,5% SDS; 0,25% BSA; 1 mM EDTA) und 
weitere dreimal mit Waschpuffer II (20 mM Natriumphosphatpuffer, pH, 7,2; 
1% SDS, 1 mM EDTA) gewaschen. Nach Exposition der Filter auf 
Rontgenfilme wurden die Flecken ausgeschnitten und in einem 
Szintillationszahler analysiert. Die Anzahl an physikalischen Partikeln wurde 
unter Verwendung der doppelstrangigen rAAV-Plasmid DNA als Standard 
berechnet. 

1.12 Bestimmung des infektiosen Titers von rAAV-Praparationen durch 
einen den Replikationscenterassay 

Zur Durchfuhrung eines Replikationscenterassays wurden die Zellen 
geerntet, bevor rAAV aus der primar infizierten Zelle freigesetzt ist und eine 
Sekundarinfektion sich in der Kultur verbreitet. Etwa 5 x 10 4 HeLa-Zellen 
wurden pro Vertiefung auf eine 1 2-We!l-Platte gegeben. Nach Inkubation 
uber Nacht wurden die Zellen entweder mit Adenovirus (MOI = 20) alleine 
um wtAAV nachzuweisen oder mit Adenovirus (MOI = 20) und wtAAV 
(MOI = 4) um rAAV nachzuweisen, infiziert. Nach 1 h Adsorption wurden die 
Zellen gewaschen und mit 100/yl rAAV-GFP enthaltendem Lysat infiziert. 
Nach 1 h wurde ein 1 ml frisches Medium zugegeben. Dann wurden die 
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Zelien bei 37°C / 5% C0 2 fur 24 h inkubiert und durch Zentrifugation 
pelletiert. Noch haftende Zellen wurden trypsiniert und mit den pelletierten 
Zellen vereinigt. Die Zellen wurden resuspendiert und unter Verwendung 
einer Vakuunnvorrichtung auf Nitrozellulosefilter ubertragen. Die 
Hybridisierung der Nitrozellulosefilter wurde in einer Formamidlosung (5 x 
SSC; 50 % Formamid; 5 x Denhardt; 50 mM Natriumphosphatpuffer, pH 
7 # 2; 0,1 % SDS; 0,1 mg/ml Hefe tRNA) bei 42°C entweder mit dem [a- 
32 P]dCTP-markiertem 731 bp Notl-Fragment von rAAV-GFP oder dem [o- 
32 P]dCTP-markierten 1465 bp-Fragment von AAV rep durchgefuhrt. 

2. Ergebnisse 

2.1 Herstellung von rekombinantem HSV/AAV 

Als Ausgangsmaterial wurde die HSV-Typ I Mutante 1082 (Rixon et al., J. 
Gen. Virol. 71 (1990) 2931-2939) verwendet, die nur eine einzige Xbal- 
Stelle in der U s -Region an Position 143 969 (Nummerierung gemaft 
McGeoch et al., supra) enthalt. Diese Position ist zur Integration von 
heterologen Sequenzen geeignet, da zum einen keine offenen Leserahmen 
beeinflu&t werden und zum anderen keines der 5 in diesem Bereich 
befindlichen Gene zur Virusvermehrung in Zellkultur essentiell ist. Die 
Vorgehensweise zur Herstellung von rHSV ist in Abb. 1 gezeigt. 

psub201iac wurde mit Xbal gespalten, um die vollstandige 8,4 kb lange 
Expressionskassette auszuschneiden. Anschlie&end wurde die gelgereinigte 
Expressionskassette in die Xbal-Stelle von HSV-1 1 802 ligiert. Dazu wurde 
HSV DNA vollstandig mit Xba gespalten. 1*//g der Xbal-gespaltenen HSV 
DNA wurde mit 1 pg gereinigtem Xbal-Fragment von psub201lac in einem 
Volumen von 20 pi ligiert. Der ligierte HSV 1 802/psub201 lac wurde dann 
in BHK-21 Zellen unter Verwendung des folgenden Verfahrens transfiziert. 
1 ml HBS, 1 p\ Heringsperma DNA (10 pglp\) und 10 pg ligierter HSV 
1 802/psub201 lac {1 pg) wurden vermischt. AnschlieBend wurden 70 /j\ 2 



WO 00/01834 PCT/EP98/05542 

- 22 - 

M CaCI 2 tropfenweise zugegeben. Die Losung wurde nach Entfernen des 
Wachstumsmediums auf BHK-Zellen gegossen. Nach Inkubation fur 40 min 
bei 37 °C wurden 4 ml komplettes G-MEM (mit 5% NCS) zugegeben und die 
Zellen fur weitere 200 min inkubiert. Nach Entfernen des Mediums wurden 
die Zellen 1 mal mit Serumfreiem G-MEM gewaschen. Die transfizierten 
Zellen wurden dann mit 1 ml 20 % DMSO in HBS fur 4 min bei 
Raumtemperatur behandelt. Die DMSO-Losung wurde entfernt und die 
Zellen wiederum mit serumfreiem G-MEM gewaschen. Nach Zugabe von G- 
MEM mit 5% NCS wurden die Zellen 3 Tage gezuchtet, bis Plaques sichtbar 
waren und das Virus geerntet wurde. Die Gewinnung von CRV und CAV 
erfolgte wie in 1.2 beschrieben. 

CAV-Plaqueassays wurden gemafc 1.6 durchgefuhrt. Die nach 3 Tagen 
sichtbaren Plaques wurden isoliert und in 200 //I PBS mit 5% NCS 
uberfuhrt. Nach 3 Zyklen Ein- und Auftauen wurde die Suspension 
verwendet urn Zellen zu infizieren, die dann auf die Anwesenheit des 
rekombinanten Herpessimplex Virus durch fc-Gal-Anfarbung und Expression 
der Adeno-assoziierten Virusproteine Rep oder Cap analysiert wurden. Ein 
positiver Plaque wurde ausgewahlt und durch weitere nachfolgende 
Plaqueassay-Runden gereinigt. Auch wenn ein homogenes und reines 
rekombinantes Isolat bereits nach Runde 4 erhalten wurde, wurden weitere 
Plaquereinigungsrunden durchgefuhrt, urn selbst kleinste Verunreingungen 
durch restlichen Wildtyp Herpes simplex Virus zu vermeiden. Alle positiven 
Plaques zeigten identische Muster an Rep oder Cap-Expression in der 
Westernblotanalyse. 

Die Anwesenheit an Wildtyp HSV wurde durch Infektion verschieden groSer 
Zellkulturschalen mit dem rekombinanten Virus und anschlieSendes das X- 
Gal Anfarben etwa 12 h p.i. untersucht. Dabei konnte keine Bildung von 
Wildtyp HSV angezeigt durch ungefarbte Bereiche infizierte Zellen 
beobachtet werden. 
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Das rekombinante HSV, hierin auch als rHSV/AAV bezeichnet, konnte in 
BHK-21 Rollerfiaschen bis auf CRV-Titer von 1 bis 2 x 1 0 7 PFU/mi gezuchtet 
werden, verglichen zu etwa 1 x 10 8 PFU/ml, wenn Wildtyp HSV-1 1802 
verwendet wurde. Die Reinheit alier rHSV/AAV-Praparationen wurde durch 
X-Gal-Anfarbung (siehe 1.7) analysiert. Auch bei Vermehrung von 
rHSV/AAV uber mehrere Runden mitsehr geringen Infektionsmultiplizitaten 
wurde keine Reversion von rekombinantem HSV zu Wildtyp-HSV 
beobachtet: Unter diesen experimentellen Bedingungen wurde evtl. 
vorhand enes Wildtyp-HSV das rHSV/AAV uberwachsen, das - wie aus den 
obigen Titerangaben ersichtlich ist - geringfugige Wachstumsnachteile hat. 
Das isolierte rHSV/AAV ist dabei stabil und vermehrungsfahig. Aliquots der 
rHSV/AAV Praparationen wurden bei der European Collection of Cell 
Cultures CAMR, Salisbury, Wiltshire SP4 OIG, UK am 10. November 1 997 
hinterlegt und erhielten die vorlaufige Zugangsnummer V971 1 1302. 

2.2 Expression von AAV Rep-Proteinen in mit rHSV/AAV infizierten BHK- 
Zellen 

Bereits bei der Analyse wahrend der Plaquereinigung zeigte sich, daS AAV- 
Proteine nach Infektion von Zellen mit rHSV/AAV exprimiert werden. Zur 
genaueren Analyse des Zeitverlaufs und der Expressionshohe wurden BHK- 
21 Zellen mit rHSV/AAV in einer Infektionsmultiplizitat (MOD von 1 infiziert 
und bei den angegebenen Zeiten nach der Infektion geerntet. AAV Rep78 
und Rep52 waren in BHK-21 Zellen bereits vier Stunden nach Infektion mit 
rHSV/AAV nachweisbar (Abb. 2A). Nach 8 h nach Infektion (8 h p.i.) waren 
alle vier Rep-Proteine sichtbar, wobei die Anteile vergleichbar einer 
Coinfektion von AAV Wildtyp und HSV-1 1802 waren. Die Expression der 
Rep-Proteine war sehr hoch und lag im Bereich einer produktiven Wildtyp- 
AAV Infektion in Gegenwart eines Helfervirus. 

Dieses Ergebnis zeigt, daft die integrierte AAV Sequenz, die die 
authentischen AAV Promotoren enthalt, durch die HSV-spezifischen 
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Proteine wie ein nichtintegriertes Wildtypgenom nach Coinfektion mit einem 
Helfervirus reguliert wird. Zusatzlich zeigen die Ergebnisse, date ein 
produktiver HSV Lebenszykius selbst durch einen sehr hohen Gehalt an Rep- 
Proteinen nicht signifikant inhibiert wird. 

Da eine Infektion mit HSV sehr schnell den Wirtszellenmetabolismus 
ubernimmt und schlieftlich die Zelle lysiert, wurde die Gegenwart von Rep- 
Proteinen in einem spaten Stadium der Infektion untersucht. Das Ergebnis 
(Abb. 2B) zeigt an, daft die Expression von Rep-Proteinen zwischen 16 bis 
24 h p.i. ein Plateau erreicht und Rep seibst in einem sehr spaten Stadium 
(72 h ) nach Infektion noch nachweisbar sind. 

2.3 Expression von Cap-Proteinen 

Zur effizienten Verpackung ist eine hohe Expression der Adeno-assoziierten 
Cap-Proteine erforderlich. Deshalb wurde der Zeitverlauf der AAV Cap- 
Expression in BHK-21 Zellen nach Infektion mit rHSV/AAV analysiert (Abb. 
3). Das AAV VP3 Protein war bereits 0 h nach Infektion detektierbar (Abb. 
3A), so daft es in das rHSV/AAV-Virion eingebaut werden kann. Zwischen 
6 bis 8 h p.i. wurde eine Akkumulierung AAV VP Proteine gefunden, wobei 
die Mengen an VP1, VP2 und VP3 von einer Wildtyp AAV Infektion in 
Gegenwart von HSV-1 12 h nach Infektion nicht unterscheidbar waren 
(Abb. 3A). Dabei wurde eine entsprechende Expression der AAV VP 
Proteine erst initiiert, wenn ausreichende Gehalte an Rep-Proteinen, 
insbesondere Rep78 und Rep52 in den infizierten Zellen vorliegen (Abb. 
2A). Die Expression der VP Proteine war von der Infektion bis zu 72 h nach 
Infektion hoch (Abb. 3B). 

Zusammenfassend kann festgehalten werden, daft mch Infektion von BHK- 
21 Zellen mit rHSV/AAV hohe Mengen der VP-Proteine vorliegen, die in den 
Anteilen vergleichbar mit einer Coinfektion von Wildtyp AAV und HSV-1 
sind. 
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Es wurde auch eine Expression der AAV-Proteine Cap und Rep in mit 
rHSV/AAV infizierten HeLa- oder Verozellen gefunden. 

2.4 Nachweis von AAV Capsidstrukturen 

Es wurde durch Immunofluoreszenzanalyse untersucht, ob die Expression 
der AAV Cap-Proteine VP1, VP2 und VP3 zur Verpackung ausreicht. Unter 
Verwendung eines Rep-spezifischen Antikorpers (1 .8) wurde eine intensive 
nukleare und zytoplasmatische Anfarbung von rHSV/AAV infizierten BHK-21 
Zellen beobachtet (Abb. 4). Unter Verwendung eines Cap-spezifischen 
Antikorpers (1.8) wurde ein ahnliches Anfarbungsmuster mit etwas 
geringeren Intensitaten gefunden (Abb. 4). Auch mit dem AAV-Capsid- 
spezifischen Antikorper A20 (1.8) konnten positive Signale in rHSV/AAV- 
infizierten Zellen nachgewiesen werden (Abb. 4). 

2.5 Verpackung von rekombinanten Adeno-assoziierten Virusvektoren 
mittels rHSV/AAV 



Rekombinantes HSV/AAV unterstutzt die Replikation und Verpackung von 
rekombinanten Adeno-assoziierten Virusvektoren, was unter Verwendung 
von lacZ- oder GFP-transduzierenden Adeno-assoziierten Vektoren gezeigt 
wurde. 



Zur Bestimmung der tatsachlichen Zahl von Partikeln wurden BHK-21 - oder 
Vero-Zellen mit rAAV-GFP (UF5) oder rAAV-GFP und ATR transfiziert und 
anschlie&end entweder mit rHSV/AAV oder HSV-1 1802 wie oben 
beschrieben, infiziert. Die Partikelzahl im Rohlysat wurde durch Dotblot 
bestimmt. Unter Verwendung des erfindungsgemaBen rHSV/AAV wurden 
1 x 1 0 4 rAAV-GFP-Partikel/Zelle gebildet verglichen mit 8 x 1 0 3 Partikel/Zelle 
unter Verwendung des herkdmmlichen Verfahrens. 
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Dazu wurden 1 4 cm Kulturschalen mit 1 00 pg UF5 oder 50 pg von jeweils 
UF5 und ATR transfiziert. Die transfizierten Zellen wurden entweder mit den 
rekombinanten HSV/AAV oder der HSV-1 Variante 1802 in einer MOI von 
1 infiziert. Lysate wurden drei Tage p.i. hergestellt und auf die Zahl an 
physikaiischen rAAV-GVP-Partikel analysiert. Die Membran wurde auf das 
[a- 32 P] dCTP-markierte 731 bp Notl-Fragment von rAAV-GFP in einem 
Hybridisierungspuffer (Church et al. Proc. Natl. Acad. Sci. (USA) 81 , (1 984) 
1 991 -1 995) hybridisiert und bei 65°C inkubiert. Nach Waschen wurde der 
Filter freigelegt und die Flecken wurden ausgeschnitten. Die Flecken wurden 
in einem Packard Szintillationszahler gezahlt und die Anzahl an Partikeln 
wurde unter Verwendung der Standards berechnet. 

Die Ergebnisse sind in der folgenden Tabelle dargestellt. 



Tabelle 1 



Probe 


Anzahl an 
Zellen 


Anzahl rAAV 
Partikel 


rAAV 
Partikel/Zelle 


BHK x UF5 
inf. rHSV/AAV 


4 x 10 7 


4 x 10" 


1x10* 


BHK x UF5/ATR 
inf. HSV-1 


4 x 10 7 


3,2 x 10" 


8 x 10 3 


Vero x UF5 
inf. rHSV/AAV 


3 x 10 7 


9,5 x 10 10 


3,2 x 10 3 


Vero x UF5/ATR 
inf. HSV-1 


3x 10' 


4 x 10 11 


1,3 x 10 4 



2.5 Reinheit und Stabilitat der rHSV/AAV-Praparation 



Die Bildung von Wildtyp AAV (wt AAV) wahrend einer AAV- 
Vektorproduktion ist nicht unublich (siehe z.B. Muzyczka, Curr. Topics. 
Microbiol. Immunol. 1 58 (1 992) 97-1 29) und muB deshalb beim Verpacken 
sorgfaltig iiberpruft werden. Insbesondere wenn die Herstellung eines 
Vektors in grofcem Mafcstab angestrebt wird, muB die Bildung von Wildtyp 
AAV begrenzt und kontrolliert werden. Die in rHSV/AAV integrierten AAV 
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Sequenzen waren derart aufgebaut, daft sie frei von Sequenzelementen der 
invertierten terminalen Repetitionen (ITR) waren. Ais Folge davon gibt es 
keine Sequenzuberlappungen zwischen rHSV/AAV und dem verwendeten 
AAV-GFP (UF5) was die Wahrscheinlichkeit eines Rekombinations- 
ereignisses minimiert, das zur Bildung von wtAAV fuhren konnte. Um 
auszuschlieBen, daft wtAAV durch andere Prozesse, z.B. nichthomologe 
Rekombination gebitdet wird, wurde ein rohes Verpackungslysat fur 
infektidses rAAV-GFP und wtAAV in einem Repiikationscenterassay 
analysiert. Im Gegensatz zum Dotbiot, der physikalische Partike! miftt, zeigt 
der Repiikationscenterassay nur die infektiosen und vermehrungsfahigen 
Partikel. 



Zwei verschiedene Konzentrationen von UF5 (1 0 jjg oder 20 pg) oder 1 0 pg 
von jeweils UF5 und ATR wurden in 4 x 1 0 5 HeLa-Zelien unter Verwendung 
der Ca-Phosphat-Methode transfiziert. Etwa 20 h nach Transfektion wurden 
die Zellen mit rHSV in einer MOI von 1 (fur UF5 allein) oder Adenovirus mit 
einer MOI von 3 (fur UF5/ATR) infiziert. Die Zellen wurden 40 h p.i. geerntet 
und 3 Einfrier/Auftau-Zyklen unterworfen. Nach 30min Inkubation bei 56°C 
(zur Inaktivierung des Helfervirus) wurden die Zelltrummer durch 
Zentrifugation pelletiert und der klare Uberstand wurde gesammelt. Um den 
Repiikationscenterassay durchzufuhren wurden in 1 2-WeII-Platten 
gezuchtete HeLa-Zellen nur mit Adenovirus (MOI = 20) oder mit Adenovirus 
(MOI =20) und wtAAV (MOI = 4) infiziert. Anschliedend wurden die Zellen 
mit 100/yI von jedem der zuvor hergestellten Rohlysate infiziert. Die Zellen 
wurden 24 h spater geerntet, resuspendiert und mittels einer 
Vakuumvorrichtung auf Nitrozellulosemembranen uberfuhrt. Die Filter 
wurden mit einer gfp-spezifischen Sonde hybridisiert, um rAAV-infizierte 
Zellen nachzuweisen, und parallel mit einer rep-spezifischen Sonde, um 
Zellen sichtbar zu machen, die durch neu gebildetes wtAAV infiziert waren. 

Die Ergebnisse zeigen, dafS die Verwendung rHSV/AAV zusammen mit UF5 
ausreichend ist, um rekombinante AAV-Vektoren zu bilden, die fur eine 
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Infektion ahnlich der herkommlichen Cotransfektion von UF5 und ATR 
infiziert mit Adenovirus kompetent sind (Abb. 5). Die Verwendung von 
entweder Adenovirus- Oder Adenovirus- und wtAAV-infizierten HeLa-Zellen 
zeigt die Bildung von Wildtyp AAV an. In diesem Experiment war die 
5 Bildung wtAAV unter Verwendung des herkommlichen Verfahrens sehr 
hoch. Im Gegensatz dazu wurden durch den neuen rHSV/AAV-Ansatz 
praktisch keine wtAAF-Partikel gebildet, wie durch Hybridisierung an die 
rep-spezifische Sonde angezeigt. Dies wurde auch durch Southern Blot- 
Analyse bestatigt, wobei in verschiedene Verpackungspraparationen keine 
10 replikativen Formen von wtAAV gefunden wurden. 

2.7 Herstellung infektioser rAAV-GFP-Partikel durch Infektion mit 
rHSV/AAV 
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Es wurde der Titer an infektiosen rAAV-GFP Partikeln bestimmt. 
Ubiicherweise ist dieser etwa 1 x 10 3 niedriger als die Anzahi an 
physikalischen Partikeln. Rohlysate aus Ca-Phosphat-transfizierten BHK-21 - 
Zellen wurden hierzu unter Verwendung des infektiosen Titerassays in 96- 
Well-Platten analysiert. 

Zur Bestimmung der infektiosen Titer von wtAAV oder rAAV wurden HeLa- 
Zellen in 96-Well-Platten mit einem Volumen von 90/vl/Well gegeben. 10 jj\ 
der AAV enthaltenden Preparation wurden den Vertiefungen der ersten 
Reihe zugegen, vermischt und seriell 10fach fur jeden der folgenden sieben 
Schritte verdunnt. Nach Inkubation fur 1 2 bis 24 h wurden die transfizierten 
Zellen mit Adenovirus (MOI = 10-20) alleine infiziert, urn auf wtAAV zu 
analysieren oder mit Adenovirus (MOI = 10-20) und wtAAV (MOI = 4), 
wenn der rAAv-Titer bestimmt wird. Wenn die Zellen ein vollstandiges CPE 
zeigten, wurden sie dreimal eingefroren und aufgetaut. Die infektiosen 
Zellysate wurden auf eine Gene Screen® Membran ubertragen. Nach 
Denaturieren der Membran fur 5 min auf einer feuchten Schicht von 
Whatman-Papier, getrankt in 0,5 M NaOH, 1,5 M NaCI und Neutralisieren 
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durch Inkubation in 20 X SSC/0,5 M Tris, pH 7,5 fur 5 min wurde die DNA 
auf der Membran UV-vernetzt. Die Membranen wurden zur Hybridisierung 
mit der entsprechenden Sonde gemaS Church et aL, supra, verwendet und 
es wurde der rAAV oder wtAAV Titer berechnet. 

Die Ergebnisse sind in Abb. 6 dargestellt und in Tabelle 2 zusammengefaBt. 



Tabelle 2 



Methode 


10 //g UF5, 
rHSV/AAV 
MOI= 1 


10 /yg UF5, 
rHSV/AAV 
MOI = 0,1 


10//g UF5, 
rHSV/AAV 
MOI = 0,01 


inf. rAAV/ml 


1 x 10 5 


1 x 10 4 


1 x 10 4 



Methode 


20 £/g UF5. 
rHSV/AAV 
MOI= 1 


20 fjq UF5, 
rHSV/AAV 
MOI = 0,1 


20 fjg UF5, 
KHSV/AAV 
MOI = 0.01 


10 fjg UF5/10 fjg 
ATR. HSV-1 
1802 MOI= 1 


inf.rAAV/mi 


1 x 10 s 


1 x 10 s 


1 x 10 4 


1 x 10 6 
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Anspriiche 

1 . Rekombinantes Herpesvirus, 
dadurch gekennzeichnet, 

daS es ein rep- und ein cap-Gen von Adeno-assoziierten Viren (AAV) 
in operativer Verkupfung mit einer Expressionskontrollsequenz 
enthalt. 

2. Rekombinantes Herpesvirus nach Anspruch 1, 
dadurch gekennzeichnet, 

dafS es keine Reversion zum Wildtyp zeigt. 

3. Rekombinantes Herpesvirus nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, 

dalS es weiterhin ein Reportergen umfa&t. 

4. Rekombinantes Herpesvirus nach einem der vorhergehenden 
Anspriiche, 

dadurch gekennzeichnet, 

da£ es ausgewahlt ist aus der Gruppe der Herpesviridae umfassend 
Herpes-Simplex- Virus (HSV), Cytomegalovirus (CMV), 
Pseudorabiesvirus (PRV) und Epstein-Barr-Virus (EBV) und andere 
Mitglieder der Herpesvirusfamiiie. 

5. Rekombinantes Herpesvirus nach Anspruch 4, 
dadurch gekennzeichnet, 

da& es ein Herpes-Simplex-Virus (HSV) ist. 

6. Rekombinantes Herpesvirus nach Anspruch 5, 
dadurch gekennzeichnet, 

da£ es sich um die HSV-1 Mutante 1802 handelt. 
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7. Rekombinantes Herpesvirus nach einem der vorhergehenden 
Anspruche, 

dadurch gekennzeichnet, 

daft es sich urn eine vollstandig oder teilweise replikationsdefiziente 
5 Mutante handelt. 



8. Rekombinantes Herpesvirus nach einem der vorhergehenden 
Anspruche, 

dadurch gekennzeichnet, 
io daft die Insertion nicht die vollstandige ITR-Sequenz von AAV 

umfaftt. 



9. Rekombinantes Herpesvirus nach einem der vorhergehenden 
Anspruche, 
is dadurch gekennzeichnet, 

daft das rep- und das cap- Gen von AAV in der U L oder der U s -Region 
des Herpesvirus inseriert sind. 

Verfahren zur Herstellung eines rekombinanten Herpesvirus nach 
einem der Anspruche 1 bis 9, 
dadurch gekennzeichnet, 

daft man das rep- und das cap-Gen von AAV in das Genom eines 
Herpesvirus stabil integriert. 

25 11. Verfahren nach Anspruch 10, 
dadurch gekennzeichnet, 

daft das rep- und das cap- Gen durch Restriktionsspaltung/Ligation 
oder durch homologe Rekombination in das Herpesvirus-Genom 
integriert werden. 



10. 
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1 2. Verf ahren nach Anspruch 1 0 oder 1 1 , 
dadurch gekennzeichnet, 

daft eine HSV-Mutante verwendet wird, die eine singulare 
Restriktionsstelle aufweist. 

13. Verfahren nach Anspruch 11, 
dadurch gekennzeichnet, 

daft eine vollstandig oder teilweise replikationsdefiziente HSV- 
Mutante verwendet wird. 

14. Nukieinsaure umfassend die zur Repiikation von AAV-Viren 
erforderlichen Helferfunktionen eines Herpesvirusgenoms und darin 
insertiert ein rep- und ein cap-Gen von Adeno-assoziierten Viren 
(AAV) jeweils in operativer Verknupfung einer 
Expressions kontroilsequenz. 

15. Vektor, 

dadurch gekennzeichnet, 

daft er eine Nukieinsaure nach Anspruch 14 umfaftt. 

1 6. Virale Zusammensetzung umfassend ein rekombinantes Herpesvirus 
nach einem der Anspruche 1 bis 9. 

17. Zusammensetzung nach Anspruch 16, 
dadurch gekennzeichnet, 

daft sie frei von Wildtyp-Herpesvirus ist. 

1 8. Verfahren zur Herstellung von infektiosen AAV-Vektorpraparationen 
umfassend die Schritte: 

(a) Bereitstellen eines viralen Vektors auf Basis von Adeno- 
assoziierten Viren (AAV), 
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(b) Bereitstelien eines rekombinanten Herpesvirus nach einem der 
Anspruche 1 bis 9, 

(c) Einbringen des AAV-Vektors von (a) und des rekombinanten 
Herpesvirus von (b) in eine Zelle, 

s (d) Vermehren des AAV-Vektors und 

(e) Gewinnen einer infektiosen AAV-Vektorpraparation. 

19. Verfahren nach Anspruch 18, 
dadurch gekennzeichnet, 

10 daR> der AAV-Vektor und der rekombinante Herpesvirus durch 

Infektion in die Zelle eingebracht werden. 

20. Verfahren nach Anspruch 18 oder 19, 
dadurch gekennzeichnet, 

is da8> man eine eingekapselte rAAV-Praparation gewinnt. 

21. Verfahren nach einem der Anspruche 18 bis 20, 
dadurch gekennzeichnet, 

date ein replizierbares rekombinantes Herpesvirus verwendet wird. 



20 



25 



22. Verfahren nach Anspruch 18 bis 20, 
dadurch gekennzeichnet, 

daft ein nichtreplizierbares rekombinantes Herpesvirus verwendet 
wird. 

23. Zelle, 

dadurch gekennzeichnet, 

da& sie ein rekombinantes Herpesvirus nach einem der Anspruche 1 
bis 9 oder einen Vektor nach Anspruch 15 enthalt. 
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24. Zelle nach Anspruch 23, 
dadurch gekennzeichnet, 

da& das rekombinante Herpesvirus oder der Vektor durch Infektion 
eingefuhrt worden ist. 

25. Zelle nach Anspruch 23 oder 24, 
dadurch gekennzeichnet, 

daB sie weiterhin einen rekombinanten AAV-Vektor enthalt. 

26. Zelle nach Anspruch 25, 
dadurch gekennzeichnet, 

dafS der AAV-Vektor eine heterologe DNA-lnsertion enthait, die fur 
ein therapeutisch wirksames Polypeptid kodiert. 

27. Zelle nach einem der Anspruche 23 bis 26, 
dadurch gekennzeichnet, 

da£ es sich urn eine BHK-, Vero- oder HeLa-Zelle handelt. 

28. Verfahren zur Herstellung von infektiosen AAV-Vektorpraparationen, 
wobei ein AAV-Vektor und ein Helfervirus in eine Zelle eingebracht 
werden, der AAV-Vektor vermehrt und eine infektiose AAV- 
Vektorpraparation aus der Zelle oder/und dem Kulturuberstand 
gewonnen wird, 

dadurch gekennzeichnet, 

dafS der AAV-Vektor und das Helfervirus durch Infektion in die Zelle 
eingebracht werden. 
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Zusammenfassung 



Es wird ein rekombinanter Herpesvirus beschrieben, der die rep- und cap- 
Gene von AAV umfaftt sowie ein Verfahren zur Herstellung von 
hochtitrigen, hochinfektiosen Adeno-assoziierten Virus-Vektor- 
Praparationen. 
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nicht der Anlagen) ins Englische anfertigen und diesem Amt ubermitteln. 



4. ERINNERUNG 

Zum Eintritt in die nationale Phase hat der Anmelder vor jedem ausgewahlten Amt innerhalb von 30 Monaten 
ab dem Prioritatsdatum (oder in manchen Amtern noch spater) bestimmte Handlungen (Einreichung von 
Ubersetzungen und Entrichtung nationaler Gebuhren) vorzunehmen (Artikel 39 (1)) (siehe auch die durch das 
Internationale Buro im Formblatt PCT/IB/301 ubermittelte Information). 

1st einem ausgewahlten Amt eine Obersetzung der internationalen Anmeldung zu ubermitteln, so mu3 diese 
Ubersetzung auch Ubersetzungen aller Anlagen zum internationalen vorlaufigen Prufungsbericht enthalten. Es 
ist Aufgabe des Anmelders, solche Ubersetzungen anzufertigen und den betroffenen ausgewahlten Amtern 
direkt zuzuleiten. 



Weitere Einzelheiten zu den maBgebenden Fristen und Erfordemissen der ausgewahlten Amter sind Band II 
des PCT-Leitfadens fur Anmelder zu entnehmen. 
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2. Dieser BERICHT umfaGt insgesamt 7 Blatter einschlieBlich 



dieses Deckblatts. 



Diese Anlagen umfassen insgesamt 1 Blatter. 



3. Dieser Bericht enthalt Angaben zu folgenden Punkten: 

I ^ Grundlage des Berichts 

II □ Prioritat 

U Bestimmte angefuhrte Unterlagen 9 
□ Bestimmte Mangel der internationalen Anmeldung 
H Bestimmte Bemerkungen zur internationalen Anmeldung 
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V 
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I. Grundlage des Berichts 

1 . Dieser Bericht wurde erstellt auf der Grundlage (Ersatzblatter, die dem Anmeldeamt auf eine Aufforderung nach 
Artikei 14 hin vorgelegt warden, gelten im Rahmen dieses Berichts a/s "ursprunglich eingereicht* and sind ihm 
ntcht betgefugt, weil sie keine Anderungen enthalten.): 
Beschreibung, Serten: 

1 -29 ursprungliche Fassung 

Patentanspruche, Nr.: 

2-13,15-28 ursprungliche Fassung 

1.1 4 mit Telefax vom 1 6/10/2000 

Zeichnungen, Blatter: 

1/5-5/5 ursprungliche Fassung 



2. Hinsichtlich der Sprache: Alle vorstehend genannten Bestandteile standen der Behorde in der Sprache in der 
die Internationale Anmeldung eingereicht worden ist, zur Verfugung oder wurden in dieser eingereicht sofern 
unterdiesem Punkt nichts anderes angegeben ist. 

Die Bestandteile standen Behorde in der Sprache: , zur Verfugung bzw. wurden in dieser Sprache eingereicht" 
dabei handelt es sich urn 

□ die Sprache der Ubersetzung, die fur die Zwecke der intemationalen Recherche eingereicht worden ist (nach 
Regel 23.1(b)). 

□ die Veroffentlichungssprache der intemationalen Anmeldung (nach Regel 48.3(b)). 

□ die Sprache der Ubersetzung, die fur die Zwecke der intemationalen voriaufigen Prufung eingereicht worden 
ist (nach Regel 55.2 und/oder 55.3). 

3. Hinsichtlich der in der intemationalen Anmeldung offenbarten Nucleotid- und/oder Aminosauresequenz ist die 
Internationale vorfaufige Prufung auf der Grundlage des Sequenzprotokolls durchgefuhrt worden, das: 

□ in der intemationalen Anmeldung in schriftlicher Form enthalten ist. 

□ zusammen mit der intemationalen Anmeldung in computerlesbarer Form eingereicht worden ist. 

□ bei der Behorde nachtraglich in schriftlicher Form eingereicht worden ist. 

□ bei der Behorde nachtraglich in computerlesbarer Form eingereicht worden ist. 

□ Die Erklarung, dass das nachtraglich eingereichte schriftliche Sequenzprotokoll nicht uber den 
Offenbarungsgehalt der intemationalen Anmeldung im Anmeldezeitpunkt hinausgeht, wurde vorgelegt. 

□ Die Erklarung, dass die in computerlesbarer Form erfassten Informationen dem schriftlichen 
Sequenzprotokoll entsprechen, wurde vorgelegt. 
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4. Aufgrund der Anderungen sind folgende Unterlagen fortgefallen: 

□ Beschreibung, Seiten: 

□ Anspruche, Nr.: 

□ Zeichnungen, Blatt: 

5. □ Dieser Bericht ist ohne Berucksichtigung (von einigen) der Anderungen erstellt worden, da diese aus den 

angegebenen Grunden nach Auffassung der Behorde uber den Offenbarungsgehalt in der ursprunglich 
eingereichten Fassung hinausgehen (Regel 70.2(c)). 

(Auf Ersatzbiatter, die solche Anderungen enthalten, ist unter Punkt 1 hinzuweisen;sie sinddiesem Bericht 
beizufugen). 

6. Etwaige zusatzliche Bemerkungen: 

V. Begrundete Feststellung nach Art ike I 35(2) hinsichtlich der Neuheit, der erfinderischen Tatigkeit und der 
gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur Stutzung dieser Feststellung 

1. Feststellung 



Neuheit (N) 


Ja: 


Anspruche 


1 - 


27 




Nein: 


Anspruche 


28 




Erfinderische Tatigkeit (ET) 


Ja: 


Anspruche 


1 - 


27 




Nein: 


Anspruche 


28 




Gewerbliche Anwendbarkeit (GA) 


Ja: 


Anspruche 


1 - 


28 




Nein: 


Anspruche 







2. Unterlagen und Erklarungen 
siehe Bei blatt 



VIII. Bestimmte Bemerkungen zur internationalen Anmeldung 

Zur Klarheit der Patentanspruche, der Beschreibung und der Zeichnungen oder zu der Frage, ob die Anspruche 
in vollem Umfang durch die Beschreibung gestutzt werden, ist folgendes zu bemerken: 
siehe Beiblatt 
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Zu Punkt V 

Begriindete Feststellung nach Artikel 35(2) hinsichtlich der Neuheit, der 
erfinderischen Tatigkeit und der gewerblichen Anwendbarkeit; Unterlagen und 
Erklarungen zur Stutzung dieser Feststellung 



Diese Anmeldung bezieht sich auf ein rekombinantes Herpesvirus und ein 
Verfahren zu dessen Herstellung. Das Herpesvirus dient weiter als ein Helfervirus 
bei der Herstellung rekombinanter Adeno-assoziierten Viren (AAV), die fur Einsatz 
in Forschung und Therapie gedacht sind. Weitere Anspruche sind auf 
entsprechende Zellen und Nukleinsauren gerichtet. 



Es wird auf die fclgenden Dokumente verwiesen: 

D1 : CONWAY ET AL: "Recombinant adeno-associated virus type 2 replication 
and packaging is entirely supported by herpes simplex virus type 1 amplicon 
expressing rep and cap" JOURNAL OF VIROLOGY, Bd. 71, Nr. 11, 
November 1997 



1. D1 beschreibt ein Verfahren zur Herstellung eines rekombinanten Herpes- 
Simplex-Virus Typ 1 Amplikons. Ein DNS-Konstrukt wurde hergestellt, das die zur 
Replikation von AAV erforderlichen Helferfunktionen eines Herpersvirusgenoms 
und darin inseriert ein rep- und cap-Gen von AAV jeweils in operativer 
Verknupfung mit ihrer nativen Expressionskontrollsequenz umfaBt (z. B. Seite 
8781, rechte Spalte, Zeile 25 - 56 und Seite 8780, Zeile 17 - 25). Die Konstruktion 
erfolgte durch X6a/-Restriktionspaltung eines rep- und cap-Gen kodierenden 
Fragmentes und folgende Ligation mit einem viralen Vektor, der eine singulare 
X6a/-Restriktionstelle hat (Seite 8781, rechte Spalte, Zeile 25 - 56). Die singulare 
A£a/-Restriktionstelle in dem viralen Vektor von D1 verbindet das HSV- 
genomische DNS-Fragment mit der DNS des pUC-basierenden Vektors. Daher 
wird davon ausgegangen, daft die in D1 beschriebene Insertion des rep- und cap- 
Gen kodierenden Fragmentes nicht im Genom des Herpesvirus integriert ist 
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sondern das rep- und cap-Gen kodierenden Fragmente neben dem HSV- 
genomischen Fragment inseriert ist. Da das Verfahren der vorliegenden 
Anspruche 10 - 13, das rekombinante HSV der Anspruche 1 - 9. die Nukleinsaure 
des Anspruchs 14 und der Vektor des Anspruchs 15 dadurch gekennzeichnet 
sind, daB das rep- und cap-Gen sich auf einer Insertion befinden, die im Genom 
des Herpesvirus (und nicht neben dem genomischen Fragment des Herpesvirus) 
inseriert ist, unterscheidet sich das in D1 offenbarte Verfahren und das DNS- 
Konstrukt von dem Verfahren und dem DNS-Konstrukt der vorliegenden 
Anmeldung und daher sind die Anspruche 1-15 als neu anzusehen (Art. 33(2) 
PCT). 

2. Daruberhinaus zeigt die Analyse in D1 , daB die virale Zusammensetzung neben 
dem rekombinanten Virus - HSV-RC/c/27, auch Wildtyp-Herpesvirus enthalt (Seite 
8782, linke Spalte, Zeilen 27 - 39). Dagegen ist das rekombinante HSV der 
vorliegenden Anspruche 1-9 Wildtyp-Herpesvirus frei und homogen. Daher sind, 
zum Beispiel, die Mengen des rekombinanten HSV der vorliegenden Anmeldung 
einfacher zu bestimmen und besser kontrollierbar gegenuber denen von D1. Die 
Nukleinsaure des Anspruchs 14 und der Vektor des Anspruchs 15. die im 
Verfahren der Anspruche 10-13 verwendbar sind, dienen der Herstellung der 
rekombinanten HSV nach Anspruchen 1 - 9 und sind damit durch den selben 
Vorteil gekennzeichnet, i.e. das hergestellte, rekombinante HSV ist Wildtyp- 
Herpesvirus frei. Somit sind die Anspruche 1-15 als erfinderisch anzusehen (Art. 
33(3) PCT). 

3. Da die Anspruche 16 -27 entweder direkt Oder indirekt von Anspruchen 1- 9 
abhangen, sind die Anspruche 16-27 ebenfalls als neu und erfinderisch 
anzusehen (Art. 33(2) und (3) PCT). 

4. Hinsichtlich des unabhangigen Anspruchs 28 wird der Anmelder darauf 
hingewiesen, daB das rekombinante Herpes-Simplex-Virus Typ 1 Amplikon von 
D1 mit Einsatz eines Helfervirus in infektose Hullen verpackt werden kann. Da auf 
diese Weise das Amplikon einen kompleten Lebenszyklus eines Virus, i. e. 
Vermehruna. Verpackuno und Infektion. durchlaufen kann, kann das Amplikon als 
Virus gesehen werden. Der Begriff "Virus" hat sehr groBen Umfang fur einen 
Fachmann. Ein Virus kann DNS Oder RNS enthalten, kann tierische, menschliche 
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als auch pflanzliche Zellen zur Vermehrung benotigen. Die Frage, ob Phagen, die 
bakterielle Zellen als Wirt nutzen zu den Viren zu zahlen sind, kann nicht 
eindeutig beantwortet werden. Weiterhin, sind im Stand der Technik "Viren" 
beschrieben, die in ihrem eigenen Genom nicht alle Gene haben, die fur das 
Durchlaufen des kompletten Lebenszyklus notwendig sind. Solche Viren sind 
abhangig von verschiedenen Helferfunktionen, die von den anderen Viren 
bereitgestellt werden mussen, sie sind aber trotzdem, fur den Fachmann unter 
dem Begriff "Virus" bekannt. Zum Beispiel, Hepatitis Delta Virus (HDV), das auf 
die Hilfe vom Hepatitis B Virus (HBV) angewiesen ist oder Satellitvirus des "Maize 
White Line Mosaic Virus", dessen Lebenszyklus auf der Hilfe von "Maize White 
Line Mosaic Virus" beruht. Daher kann das Amplikon von D1 auch als Virus, 
beziehungsweise Helfervirus angesehen werden. 

Das Amplikon wird in D1 zur Produktion von infektiosen AAV-Vektorpraparationen 
als Helfervirus eingesetzt. Das Verfahren umfaBt das Einbringen des 
rekombinanten AAV-Vektors und des rekombinanten Helfervirus durch Infektion in 
HeLa-Zellen (Seite 8786, rechte Spalte, Zeilen 21 - 37). Dadurch entstehen 
Zellen, die beide Vektoren enthalten und aus denen eine infektiose AAV- 
Praparation gewonnen wird (Seite 8786, rechte Spalte, Zeilen 21-37 und Seite 
.8788, linke Spalte, Zeilen 42 - 44). Somit sind die technischen Merkmale des in 
D1 offenbarten Verfahrens zur Herstellung rekombinanter AA-Viren identisch mit 
den Merkmalen des Verfahrens, das den Gegenstand des Ansoruchs 28 darstellt. 
Demzufolge ist der Anspruch 28 nicht neu und nicht erfinderisch (Art. 33(2) und 
(3) PCT). 



Zu Punkt VIM 

Bestimmte Bemerkungen zur internationalen Anmeldung 



Anspruche 2 und 10 entsprechen nicht den Erfordernissen des Art. 6 PCT, weii 
der Gegenstand des Schutzbegehrens nicht klar definiert ist. In den Anspruchen 
wird versucht, den Gegenstand durch das zu erreichende Ergebnis zu definieren; 
damit wird aber lediglich die zu losende Aufgabe angegeben. Deswegen ist es 
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unklar w,e ein Fachmann die rep- und cap-Gene stabH inseriert und das Virus das 
ke.ne Reversion zeigt, herstellen soli. Der Anmelder wird darauf hingewiesen daG 
einem Fachmann klar ist, wie man die Virusstabilitat uberpruft. Es ist jedoch 
unklar, welche technischen Merkmale beriicksichtigt werden miissen urn ein 
stabiles, rekombinantes Virus, das keine Reversion zeigt, herzustellen 
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Neue Anspriiche 



1 • Rekombinantes Herpesvirus, 
dadurch gekennzeichnet, 

dass es ein rep- und ein cap-Gen von Adeno-assoziierten Viren (AAV) 
m operativer Verknupfung mit einer Expressionskontrollsequenz enthalt 
wobei sich das rep- und das cap-Gen auf einer Insertion befinden, die 
im Genom des Herpesvirus integriert ist. 

14. Nukleinsaure umfassend die 2U r Replikation von AAV-Viren 
erforderlichen Helferfunktionen eines Herpesvirusgenoms und darin 
■nsertiert ein rep- und ein cap-Gen von Adeno-assoziierten Viren 
(AAV) Jeweils in operativer Verknupfung einer Expressions- 
kontrollsequenz, wobei sich das rep- und das cap-Gen auf einer 
Insertion befinden, die im Genom des Herpesvirus integriert ist 
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This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 



. sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



1 



. sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability- 
citations and explanations supporting such statement F J ' 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



I 


I2SI 


II 


□ 


III 


□ 


IV 


□ 


V 


El 


VI 


□ 


VII 


□ 
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Name and mailing address of the IPEA/EP 



Facsimile No. 



Date of completion of this report 

28 December 2000 (28.12.2000) 



Authorized officer 



Telephone No. 
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I. Basis of the report 

I | the international application as originally filed. 

the description, pages 1-29 ^ origina|ly fiIed 

pages , filed with the demand, 

pa S es , , filed with the letter of 

pages _ , filed with the letter of 



the claims, 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



2-13,15-28 



1,14 



. , as originally filed, 
, as amended under Article 1 9, 
, filed with the demand, 

, filed with the letter of 

, filed with the letter of 



1 6 October 2000 (\ 6, 1 0 90nn) 



the drawings, 



sheets/fig 
sheets/fig 
sheets/fig 
sheets/fig _ 



1/5-5/5 



. , as originally filed, 
. , filed with the demand, 
, filed with the letter of 
, filed with the letter of 



| 2. The amendments have resulted in the cancellation of: 

□ the description, pages 

□ the claims, 



Nos. 



□ the drawings, sheets/fig 



I 4. Additional observations, if necessary: 
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Reasoned statement under Article 35(2) with regard t. 
citations and explanations supporting such statement 



Internationa] application No. 
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I ^ * Arti <" with regard to novelty, inventive step or industria. applicability 



Statement 
Novelty (N) 

Inventive step (IS) 
Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-27 



28 



1-27 



28 



1-28 



Citations and explanations 

This application concerns a recombinant herpes virus and a 
method for producing the same. The herpes virus also 
serves as helper virus when producing recombinant adeno- 
associated viruses (AAV) designed for use in research and 

therapy. Other clai 
and nucleic acids, 



ms are directed to corresponding cells 



This report 



makes reference to the following document: 



Dl: 



CONWAY ET AL.: "Recombinant adeno-associated virus 
type 2 replication and packaging is entirely 
supported by herpes simplex virus type 1 amplicon 
expressing rep and cap", JOURNAL OF VIROLOGY, 
Vol. 71, No. 11, November 1997. 



1- Dl describes a method for producing a recombinant 
Herpes simplex virus type 1 amplicon. A DNA 
construct was produced comprising the helper 
functions of a herpes virus genome required for AAV 
replication, and AAV rep and cap genes, each 
operationally linked to its native expression 
control sequence, are inserted therein (e.g. page 
8781, right-hand column, lines 25-56, and page 8780 
■ Unes 17-25) . Co nstruction was carried out by Xbal ' 

Form PC I /IPt A/409 (Box V) (January 1994) 





International application No. 


INTERNATIONAL PRELIMINARY EXAMINATION REPORT 


PCT/EP 98/05542 



restriction cleavage of a fragment that codes for a 
rep and cap gene, then ligation with a viral vector 
with a singular Xbal restriction site (page 8781, 
right-hand column, lines 25-56) . The singular Xbal 
restriction site in the viral vector of Dl connects 
the HSV genomic DNA fragment with the DNA of the 
pUC-based vector. Consequently, it is assumed that 
the insertion of the fragment coding for the rep and 
cap genes described in Dl is not integrated in the 
genome of the herpes virus, but rather that the 
fragments coding for the rep and cap genes are 
inserted beside the HSV genomic fragment. Since the 
method of the present Claims 10-13 , the recombinant 
HSV as per Claims 1-9 , the nucleic acid as per Claim 
14 and the vector as per Claim 15 are characterised 
in that the rep and cap genes are located on an 
insertion inserted in the genome of the herpes virus 
(and not beside the genomic fragment of the herpes 
virus) , the method and DNA construct of Dl differ 
from the method and DNA construct of the present 
application, and Claims 1-15 should therefore be 
considered novel (PCT Article 33(2)). 



2. Furthermore, the analysis in Dl shows that the viral 
composition also contains wild type herpes virus, 
besides the recombinant virus HSV-RC/d27 (page 8782, 
left-hand column, lines 27-39) . This is not the case 
of the recombinant HSV as per the present Claims 1- 
_9, which is free from wild type herpes virus and is 
homogeneous. Consequently, the quantities of 
recombinant HSV, for example, are easier to 
determine and to control in the present application 
than in Dl . The nucleic acids as per Claim 14 and 
the vector as per Claim 15 , which can be used in the 
method as per Claims 10-13 , serve for producing the 
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recombinant HSV as per Claims 1-9 and are therefore 
characterised by the same advantage, that is, the 
thus produced recombinant HSV is free from wild type 
herpes virus. Claims 1-15 should therefore be 
considered inventive (PCT Article 33(3)). 

Since Claims 16-27 are either directly or indirectly 
dependent on Claims 1-9 , Claims 16-27 should also be 
considered novel and inventive (PCT Article 33(2) 
and (3)). 



Regarding independent Claim 28 , the applicant is 
advised that the recombinant Herpes simplex virus 
type 1 amplicon of Dl can be packaged in infectious 
envelopes using a helper virus. Since the amplicon 
chan thus run through the entire life cycle of a 
virus, that is reproduction, packaging and 
infection, the am plicon can be regarded as a virus . 
The term "virus" has a very large scope for a person 
skilled in the art. A virus can contain DNA or RNA, 
can reguire animal, human and also plant cells for 
reproduction. It is not possible to give an 
unambiguous answer to the question of whether phages 
which use bacterial cells as hosts should be counted 
among the viruses. Moreover, the prior art describes 
"viruses" which do not contain in their own genome 
all the genes required to run through the entire 
life cycle. Such viruses are dependent on various 
helper functions that have to be provided by other 
viruses but are nevertheless known as "viruses" to a 
person skilled in the art. For example, the 
Hepatitis Delta Virus (HDV) needs the help of 
Hepatitis B Virus (HBV) , or the satellite virus of 
the "Maize White Line Mosaic Virus" needs the help 
of the "Maize White Line Mosaic Virus" to run 
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through its life cycle. Consequently, the amplicon 
in Dl can also be regarded as a viru; 
virus . 



is or helper 



The amplicon is used in Dl as a helper virus for 
producing infectious AAV vector preparations. The 
method comprises the introduction by infection of 
the recombinant AAV vector and recombinant helper 
vxrus into HeLa cells (page 8786, right-hand column, 
lines 21-37), yielding cells which contain both 
vectors and from which an infectious AAV preparation 
is extracted (page 8786, right-hand column, lines 
21-37, and page 8788, left-hand column, lines 42- 
44). Consequently, the technical features of the 
method disclosed in Dl for producing recombinant AA 
viruses are identical to the features of the method 
which constitutes the subject matter of Claim 28 
Consequently, Claim_28 is not novel and not 
inventive (PCT Article 33(2) and (3)). 
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/III. Certain observations on the international application 



^IV^^lT^S* ° f 1,16 * " d ° r °" ** ^ ** bairns are Mly 



Claims 2-10 do not meet the requirements of PCT Article 6 
because the subject matter for which protection is sought 
is not clearly defined. These claims attempt to define 
their subject matter in terms of the result to be 
achieved, and in doing so merely state the problem 
addressed. Consequently, it is unclear how a person 
skilled in the art inserts the rep and cap genes in a 
stable manner and produces the virus which does not 
undergo reversion. It is pointed out to the applicants 
that it is clear to a person skilled in the art how to 
check virus stability. However, it is not clear what 
technical features need to be considered in order to 
produce a stable recombinant virus which does not undergo 
reversion . 
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citations and explanations supporting such statement 

Statement 
Noveltv i N 



Inventive step (IS) 



inventive step or industrial applicability: 




Citations and explanations 

This application concerns a recombinant herpes virus and a 
method for producing the same. The herpes virus also 
serves as helper virus when producing recombinant "adeno- 
associated viruses (AAV) designed for use in research and 

therapy. Other clair 



litis are directed to 



and nucleic acids 



corresponding cells 



This report 



t makes reference to the following document: 



Dl: CONWAY ET AL . : "Recombinant adeno-associated virus 
type 2 replication and packaging is entirely 
supported by herpes simplex virus type 1 amplicon 
expressing rep and cap", JOURNAL OF VIROLOGY, 
Vol. 71, No. 11, November 19S7. 

1- 01 describes a method for producing a recombinant 
nerpes simplex virus type 1 amplicon. a DNA 
construct was produced comprising the helper 
functions of a herpes virus genome required for AAV 
replication, and AAV rep and cap genes, each 
operationally linked to its native expression 
control sequence, are inserted therein (e.g. Da g e 
3781, right-hand column, lines 25-56, and page 3780, 
iinss 17 - 25 >- Construct ion was carried out by Xtai ' 
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restriction cleavage of a fragment chat codes for a 
reo and cap gene, then ligation 1 t n a viral vector 
with a singular Xbal restriction site {page S78I, 
richt-hand column, lines 25-56} . The singular Kb a i 
restriction site in the viral vector of Dl connects 
the HSV genomic DNA fragment with the DNA of the 
pUC-based vector. Consequently, it is assumed that 
the insertion of the fragment ceding for the rep and 
cap genes described in Dl is not integrated in the 
genome of the herpes virus, but rather that the 
fragments coding for the rep and cap genes are 
inserted beside the HSV genomic fragment. Since the 
method of the present Claims 10-13 , the recombinant 
HSV as per Claims 1-9 , the nucleic acid as per Claim 
14 and the vector as per Claim 15 are characterised 
in that the rep and cap genes are located on an 
insertion inserted in the genome of the herpes virus 
(and not beside the genomic fragment of the herpes 
virus), the method and DNA construct of Dl differ 
from the method and DNA construct of the present 
application, and Claims 1-15 should therefore be 
considered novel ( PCT Article 33(2)). 

2. Furthermore, the analysis in Dl shows that the viral 

composition also contains wild type herpes virus, 
besides the recombinant virus HSV-RC/d27 (page 3732, 
left-hand column, lines 27-39) . This is not the case 
of the recombinant HSV as per the present Claims 1- 
9, which is free from wild type herpes virus and is 
homogeneous. Consequently, the quantities of 
recombinant HSV, for example, are easier to 
determine and to control in the present application 
than in Di . The nucleic acids as per Claim 14 and 
r he vector as per Claim 15 , which can be used in the 
method as per Claims 10-13 , serve for producing the 
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3 . 



recombinant HSV as" per Claims 1-3 and are there-c— 
characterised by the same advantage, that is, zhe 
thus produced recombinant HSV is free from wild -voe 
herpes virus. Claims 1-15 should therefore be 
considered inventive ( ?CT Article 33 '3)1. 

Since Claims 16-27 are either directly or indirectly 
dependent on Claims 1-9 , Claims 15-27 should also be 
considered novel and inventive ( ?CT Article 33(2) 
and (3) ) . 



Regarding independent Claim 28 , zhe applicant is 
advised that the recombinant Herpes simplex virus 
type 1 amplicon of Dl can be packaged in infectious 
envelopes using a helper virus. Since the amplicon 
chan thus run t hrough the entire life cycle of a 
virus, that is reproduction, packaging and 
infection, the a mplicon can be regarded as a vir.^ 
The term "virus" has a very large scope for a person 
skilled in the art. A virus can contain DNA or RNA, 
can require animal, human and also plant cells for 
reproduction. It is not possible to give an 
unambiguous answer to the question of whether phages 
which use bacterial ceils as hos-s should be counted 
among the viruses. Moreover, the prior art describes 
"viruses" which do not contain in their own genome 
all the genes required to run through the entire 
life cycle. Such viruses are dependent on various 
helper functions that have to be provided by other 
viruses but are nevertheless known as "viruses" to a 
person skilled in the art. For example, the 
Hepatitis Delta Virus (HDV) needs the help of 
Hepatitis 3 Virus (HBV) , or the satellite virus of 
the "Maize White Line Mosaic Virus" needs the help 
of the "Maize White Line Mosaic Virus" to run 
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The smplicon is used i n ni ^ , - 
producing infectious AJW vecto- 

mSfn ° Q C ° mprises che introduce^.-, bv ,n factio „ 0 _- 
che recombinant AAV vector and recombinant n= lo J 
virus into HeLa cells (cage 3786 ■ • * 

Hn»« 91 ^ghc-nana column, 

Unas 21-37,, yie iding cells which contain botH 

vectors and from wnich an infectious AAV preparation 

3 eX ^ aCted (P3ge 8786 ' right-hand column, U , s 
21-37, and page 8788, left-hand column, li nes < 2 _ 
44). Consequently, the technical features of the 
■nethod disclosed in 01 for producing recombinant AA 
-ruses are identical to the features of the method 
whicn constitutes the subject mat,er of claim 28 
Consequently, Claim_28 is not novel and n^ ' 
inventive (PCT Article 33(2) and < 3 )>. 
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VIJI. Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fullv 
supported by the description, are made: 



Claims 2-10 do not meet the reauiremer.t 



because the subject: macter for which p 
is hoc clearly defined. These claims a 
their subject matter in terms of the r 
achieved, and in doing so merely state 
addressed. Consequently, it is unclear 
skilled in the art inserts the rep and 
stable manner and produces the virus w 
undergo reversion. It is pointed out t 
that it is clear to a person skilled i 
check virus stability. However, it is 
technical features need to be consider 
produce a stable recombinant virus whi 
reversion . 



s of PCX Article 6 
rotection is sought 
t tempt to define 
esult to be 
the problem 
how a person 
cap genes in a 
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I. Grundlage des Berichts 

1 ' 23E ^i Cht WUrd f e rstel 'i auf der G"indlage (Ersatzblatter, die dem Anmeldeamt auf eine Aufforderuno nach 

s« sas^'ssar ^ a/s ^~ e/ ~ r= 

Beschreibung, Seiten: 

1 " 29 ursprungliche Fassung 

Patentanspriiche, Nr.: 

2-13,15-28 ursprungliche Fassung 

1 ■ 1 4 mit Telefax vom 1 6/1 0/2000 

Zeichnungen, Blatter: 

1/5-5/5 ursprungliche Fassung 



2 ' dip der , SP A raCh fJ A " e vorstehend genannten Bestandteile standen der Behorde in der Sprache in der 

ssr in der sprache: zur verf09ung bzw - wurden in ^ 

D TegeTitmi dle die Zwecke der ^ernationa.en Recherche eingereicht worden ist (nach 

□ die Veroffentlichungssprache der internationalen Anmeldung (nach Regel 48 3(b)) 

D Zg^£ZZ££ * ^ intemati0nalen PrOfung eingereicht worden 

3. Hinsichtlich der in der internationalen Anmeldunq offenbarten Nucleotiri- imH/nH^r Ami ■■ 

in.erna.onale vo rtMge P r 0, u n g a U , der Grunge ^I^Ik Z^Z™™;^ * * 

□ in der internationalen Anmeldung in schriftlicher Form enthalten ist. 

□ zusammen mit der internationalen Anmeldung in computerlesbarer Form eingereicht worden ist. 

□ bei der Behorde nachtraglich in schriftlicher Form eingereicht worden ist. 
bei der Behorde nachtraglich in computerlesbarer Form eingereicht worden ist 



□ 
□ 

□ 



Die Erklarung, daB das nachtraglich eingereichte schriftliche Sequenzprotokoll nicht uber den 
Offenbarungsgehalt der .nternationa.en Anme.dung im Anmekiezeitpunkt hinausgeht. wurde vorge.egt 

sZu^tZL^T ? c ° m P uterlesbarer F °™ erfassten Informationen dem schriftlichen 
Sequenzprotokoll entsprechen, wurde vorgelegt. 
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4. Aufgrund der Anderungen sind folgende Unterlagen fortgefallen: 

□ Beschreibung, Seiten: 

□ Anspruche, Nr.: 

□ Zeichnungen, Blatt: 

5. □ Dieser Bericht ist ohne Berucksichtigung (von einigen) der Anderungen erstellt worden, da diese aus den 

angegebenen Grunden nach Auffassung der Behorde uber den Offenbarungsgehalt in der ursprunqlich 
eingereichten Fassung hinausgehen (Regel 70.2(c)). 

( be/zufQg^ ^ S ° !Che Anderun9en enthal *e"> ist unter Punkt 1 hinzuweisen;sie sind diesem Bericht 



6. Etwaige zusatzliche Bemerkungen: 



V. Begriindete Feststellung nach Artikel 35(2) hinsichtlich der Neuheit, der erfinderischen Tatigkeit und der 
gewerbhchen Anwendbarkeit; Unterlagen und Erklarungen zur Stutzung dieser Feststellung 

1. Feststellung 



Neuheit (N) 


Ja: 


Anspruche 


1 - 


27 




Nein: 


Anspruche 


28 




Erfinderische Tatigkeit (ET) 


Ja: 


Anspruche 


1 - 


27 




Nein: 


Anspruche 


28 




Gewerbliche Anwendbarkeit (GA) 


Ja: 


Anspruche 


1 - 


28 




Nein: 


Anspruche 







2. Unterlagen und Erklarungen 
siehe Beiblatt 



VIII. Bestimmte Bemerkungen zur internationalen Anmeldung 

Zur Klarheit der Patentanspruche, der Beschreibung und der Zeichnungen Oder zu der Frage, ob die Anspruche 
in vollem Umfang durch die Beschreibung gestutzt werden, ist folgendes zu bemerken* 
siehe Beiblatt 
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Zu Punkt V 

Begrundete Feststellung nach Artikel 35(2) hinsichtlich der Neuheit, der 
erfinderischen Tatigkeit und der gewerblichen Anwendbarkeit; Unterlagen und 
Erklarungen zur Stutzung dieser Feststellung 



Diese Anmeldung bezieht sich auf ein rekombinantes Herpesvirus und ein 
Verfahren zu dessen Herstellung. Das Herpesvirus dient weiter als ein Helfervirus 
bei der Herstellung rekombinanter Adeno-assoziierten Viren (AAV), die fur Einsatz 
in Forschung und Therapie gedacht sind. Weitere Anspruche sind auf 
entsprechende Zellen und Nukleinsauren gerichtet. 



Es wird auf die folgenden Dokumente verwiesen: 

D1 : CONWAY ET AL: "Recombinant adeno-associated virus type 2 replication 
and packaging is entirely supported by herpes simplex virus type 1 amplicon 
expressing rep and cap" JOURNAL OF VIROLOGY, Bd. 71, Nr. 11, 
November 1997 



D1 beschreibt ein Verfahren zur Herstellung eines rekombinanten Herpes- 
Simplex-Virus Typ 1 Amplikons. Ein DNS-Konstrukt wurde hergestellt, das die zur 
Replikation von AAV erforderlichen Helferfunktionen eines Herpersvirusgenoms 
und darin inseriert ein rep- und cap-Gen von AAV jeweils in operativer 
Verknupfung mit ihrer nativen Expressionskontrollsequenz umfaBt (z. B. Seite 
8781, rechte Spalte, Zeile 25 - 56 und Seite 8780, Zeile 17 - 25). Die Konstruktion 
erfolgte durch X£>a/-Restriktionspaltung eines rep- und cap-Gen kodierenden 
Fragmentes und folgende Ligation mit einem viralen Vektor, der eine singulare 
XbaARestriktionstelle hat (Seite 8781, rechte Spalte, Zeile 25 - 56). Die singulare 
XbaARestriktionstelle in dem viralen Vektor von D1 verbindet das HSV- 
genomische DNS-Fragment mit der DNS des pUC-basierenden Vektors. Daher 
wird davon ausgegangen, daB die in D1 beschriebene Insertion des rep- und cap- 
Gen kodierenden Fragmentes nicht im Genom des Herpesvirus integriert ist 
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sondem das rep- und cap-Gen kodierenden Fragmente neben dem HSV- 
genomischen Fragment inseriert ist. Da das Verfahren der vorliegenden 
Anspruche 10-13, das rekombinante HSV der Anspriiche 1 - 9 die Nukleinsaure 
des Anspruchs 14 und der Vektor des Anspruchs 15 dadurch gekennzeichnet 
sind, daB das rep- und cap-Gen sich auf einer Insertion befinden, die im Genom 
des Herpesvirus (und nicht neben dem genomischen Fragment des Herpesvirus) 
inseriert ist, unterscheidet sich das in D1 offenbarte Verfahren und das DNS- 
Konstrukt von dem Verfahren und dem DNS-Konstrukt der vorliegenden 
Anmeldung und daher sind die Anspriiche 1-15 als neu anzusehen (Art. 33(2) 
PCT). 

2. Daruberhinaus zeigt die Analyse in D1 , da(3 die virale Zusammensetzung neben 
dem rekombinanten Virus - HSV-RC/c/27, auch Wildtyp-Herpesvirus enthalt (Seite 
8782, linke Spalte, Zeilen 27 - 39). Dagegen ist das rekombinante HSV der 
vorliegenden Anspriiche 1 - 9 Wildtyp-Herpesvirus frei und homogen. Daher sind, 
zum Beispiel, die Mengen des rekombinanten HSV der vorliegenden Anmeldung 
einfacher zu bestimmen und besser kontrollierbar gegeniiber denen von D1 . Die 
Nukleinsaure des Anspruchs 14 und der Vektor des Anspruchs 15 . die im 
Verfahren der Anspruche 10-13 venA/finrihar s ind, dienen der Herstellung der 
rekombinanten HSV nach Ansoruchen 1 - 9 und sind damit durch den selben 
Vorteil gekennzeichnet, i.e. das hergestellte, rekombinante HSV ist Wildtyp- 
Herpesvirus frei. Somit sind die Anspruche 1-15 als erfinderisch anzusehen (Art. 
33(3) PCT). 

3 - Da d 'e Anspruche 16-27 entweder direkt Oder indirekt von Ansoruchen 1- 9 
abhangen, sind die Anspruche 16-27 ebenfalls als neu und erfinderisch 
anzusehen (Art. 33(2) und (3) PCT). 

4. Hinsichtlich des unabhangigen Anspruchs 28 wird der Anmelder darauf 

hingewiesen, daB das rekombinante Herpes-Simplex-Virus Typ 1 Amplikon von 
D1 mit Einsatz eines Helfervirus in infektose Hullen verpackt werden kann. Da auf 
diese Weise d as Amplikon einen komoleten Lebenszvklus eines Virus, i. e. 
Vermehrunq, Veroackuna und Infektion. durchlaufen kann. kann das Amplikon als 
Virus qesehen werden. Der Begriff "Virus" hat sehr groBen Umfang fur einen 
Fachmann. Ein Virus kann DNS oder RNS enthalten, kann tierische, menschliche 
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als auch pflanzliche Zellen zur Vermehrung benotigen. Die Frage, ob Phagen, die 
bakterielle Zellen als Wirt nutzen zu den Viren zu zahlen sind, kann nicht 
eindeutig beantwortet werden. Weiterhin, sind im Stand der Technik "Viren" 
beschrieben, die in ihrem eigenen Genom nicht alle Gene haben, die fur das 
Durchlaufen des kompletten Lebenszyklus notwendig sind. Solche Viren sind 
abhangig von verschiedenen Helferfunktionen, die von den anderen Viren 
bereitgestellt werden mussen, sie sind aber trotzdem, fur den Fachmann unter 
dem Begriff "Virus" bekannt. Zum Beispiel, Hepatitis Delta Virus (HDV), das auf 
die Hilfe vom Hepatitis B Virus (HBV) angewiesen ist oder Satellitvirus des "Maize 
White Line Mosaic Virus", dessen Lebenszyklus auf der Hilfe von "Maize White 
Line Mosaic Virus" beruht. Daher kann das Amplikon von D1 auch als Virus, 
beziehungsweise Helfervirus angesehen werden. 

Das Amplikon wird in D1 zur Produktion von infektiosen AAV-Vektorpraparationen 
als Helfervirus eingesetzt. Das Verfahren umfaBt das Einbringen des 
rekombinanten AAV-Vektors und des rekombinanten Helfervirus durch Infektion in 
HeLa-Zellen (Seite 8786, rechte Spalte, Zeilen 21 - 37). Dadurch entstehen 
Zellen, die beide Vektoren enthalten und aus denen eine infektiose AAV- 
Praparation gewonnen wird (Seite 8786, rechte Spalte, Zeilen 21 - 37 und Seite 
8788, linke Spalte, Zeilen 42 - 44). Somit sind die technischen Merkmale des in 
D1 offenbarten Verfahreris zur Herstellung rekombinanter AA-Viren identisch mit 
den Merkmalen des Verfahrens, das den Gegenstand des Anspruchs 28 darstellt. 
Demzufolge ist der Anspruch 28 nicht neu und nicht erfinderisch (Art. 33(2) und 
(3) PCT). 



Zu Punkt VIII 

Bestimmte Bemerkungen zur internationalen Anmeldung 

Anspruche 2 und 10 entsprechen nicht den Erfordernissen des Art. 6 PCT, weil 
der Gegenstand des Schutzbegehrens nicht klar definiert ist. In den Anspruchen 
wird versucht, den Gegenstand durch das zu erreichende Ergebnis zu definieren; 
damit wird aber lediglich die zu losende Aufgabe angegeben. Deswegen ist es 
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unklar wie ein Fachmann die rep- und cap-Gene stabil inseriert und das Virus, das 
keine Reversion zeigt, herstellen soli. Der Anmelder wird darauf hingewiesen, daB 
einem Fachmann klar ist, wie man die Virusstabilitat uberpruft. Es ist jedoch 
unklar, welche technischen Merkmale berucksichtigt werden mussen um ein 
stabiles, rekombinantes Virus, das keine Reversion zeigt, herzustellen. 
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Neue Anspriiche 

1 • Rekombinantes Herpesvirus, 
dadurch gekennzeichnet, 

dass es ein rep- und ein cap-Gen von Adeno-assoziierten Viren (AAV) 
in operativer Verknupf ung mit einer Expressionskontrollsequenz enthalt 
wobei sich das rep- und das cap-Gen auf einer Insertion befinden, die 
im Genom des Herpesvirus integriert ist. 

14. Nukleinsaure umfassend die zur Replikation von AAV-Viren 
erforderlichen Helferfunktionen eines Herpesvirusgenoms und darin 
■nsertiert ein rep- und ein cap-Gen von Adeno-assoziierten Viren 
(AAV) Jeweils in operativer Verknupfung einer Expressions- 
kontrollsequenz, wobei sich das rep- und das cap-Gen auf 
Insertion befinden, die im Genom des Herpesvirus integriert ist. 
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